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BRITISH DYESTUFFS AND WIDER CO-OPERATION IN EUROPE 


i E European Free Trade Association Bill, which 
received Royal Assent on March 22, ended the 
system of protection which the British dyestuffs 
industry had enjoyed since the Dyestuffs (Import 
tegulation) Act was passed in December 1920 in 
accordance with an official pledge given by the 
Government in May 1918. That Act prohibited the 
import of dyestuffs except under licence granted by 
the Board of Trade on the recommendation of the 
Dyestuffs Advisory Licensing Committee, usually on 
the ground that there was no British equivalent or 
on grounds of price. Originally licences were granted 
when the price of the British product was more than 
three times that of the foreign equivalent, and during 
the years this factor was progressively reduced to 
1:75; but by 1932 imports of dyestuffs were almost 
entirely of those not made in Britain. 

The Dyestuffs (Import Regulation) Act was 
originally to run for ten years, but when in November 
1930 the then President of the Board of Trade, Mr. 
W. Graham, announced the Government’s decision 
to allow the Act to lapse, there were stormy debates 
in Parliament. In the Commons on December 4 the 
Government carried by a majority of 30 its motion 
to allow the Act to lapse, but a motion to continue 
the Act to December 31, 1931, was carried against 
the Government in the Lords. Afterwards, on 
December 17, the Government’s majority fell to 6 
on a motion to disagree with the Lords, and it was 
in this debate that the late Major A. G. Church, then 
general secretary of the Association of Scientific 
Workers, spoke and voted against his party, urging 
the importance of the industry to research and 
voicing the arguments raised by many leading 
scientists and industrialists in a discussion on the 
industry at the British Association meeting at 
Bristol in the previous September. The Lords 
insisted on their amendment, and on December 18 
the President of the Board of Trade moved that the 
Commons should not insist on disagreement. 

As a result, the Act was renewed annually under 
the Expiring Laws Continuance Act for the next 
three years, until in December 1933 a new Dyestuffs 
(Import Regulation) Bill was introduced by Dr. E. L. 
Burgin, then President of the Board of Trade. In 
the meantime the Import Duties Act, 1932, had 
been passed, under which, since March 1932, all 
imported dyestuffs had been subject to the general 
ad valorem duty of 10 per cent, and an Import Duties 
Advisory Committee established. When the Dye- 
stuffs Industry Development Committee therefore 
reported in 1932 on the position and development of 
the industry in Great Britain, the questions whether 
further assistance to the industry was necessary and, 
if so, the form such assistance should take, were 
» referred to the Import Duties Advisory Committee. 
| This Committee in July 1933 recommended that the 
1920 Act should be continued indefinitely, but that 
colouring matters not used in dyeing should be dealt 
| With under the Import Duties Act of 1932. Inter- 


mediates, but not dyestuffs, should be subject to the 
general ad valorem duty of 10 per cent. Accordingly, 
the Bill introduced by Dr. Burgin proposed that 
dyestuffs not used in dyeing should be dealt with by 
the Import Duties Advisory Committee, and provided 
for the consideration of complaints by that Com- 
mittee and for the imposition of duties up to 20 per 
cent on pigments. Most other materials from which 
the prohibition was removed by the Bill were already 
subject to duty under the Safeguarding of Industries 
Act or other Acts. 

This Bill had a smooth and uneventful passage 
through both Houses of Parliament, although the 
Colour Users’ Association maintained that the Act 
had already served its purpose and firmly established 
the industry ; and the debates were marked by none 
of the heat or tension of those in December 1931. 
The Act, which received Royal Assent on March 28, 
1934, continued in force until it was recently repealed 
under Clause 5 of the European Free Trade Associa- 
tion Act; but, as the Minister of State, Board of 
Trade, Mr. F. J. Erroll, explained in moving the 
second reading of the Bill on February 15 last, the 
Dyestuffs (Import Regulation) Acts had not been 
used since 1939. The obligation to eliminate quali- 
tative restrictions on imports involved in participa- 
tion in the European Free Trade Association 
necessitated the abandonment of the present system 
of prohibition of dyestuffs and their intermediates 
except by licence, and, in turn, this has entailed a 
decision to substitute protection by tariff. 

The protective import prohibition is contrary to 
the general rules of the General Agreement on Tariffs 
and Trade, and dyestuffs obviously could not be 
excluded from the scope of the European Free Trade 
Association arrangements, although, as was explained 
by the Earl of Dundee in the House of Lords on 
March 8, Britain arranged in 1947 that we should be 
allowed, if licensing was terminated, to put on instead 
an import duty of 33} per cent. Progressive liberal- 
ization of the import prohibition would involve the 
admission duty-free from member countries of the 
Association of increasing quantities of dyestuffs of 
types already producéd in the United Kingdom. 
While it is difficult to predict the effect of this step, 
clearly, as Mr. Erroll observed, some difficulties for 
the British industry must be expected, and once 
imports have been allowed in duty-free from members 
of the Association, it would become extremely 
difficult to establish a tariff in the context of any 
wider free-trade area. 

It was therefore important, said Mr. Erroll, to 
introduce as soon as possible a protective duty on 
dyestuffs and their intermediates imported from all 
foreign sources, and such a duty would be subject 
to progressive reductions on imports from member 
countries of the Association until, at the end of ten 
years, dyestuffs from such countries would be ad- 
mitted free of duty. Mr. Erroll reiterated that repeal 
of the Dyestuffs Acts was one part of the Bill and a 
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necessary step in the change-over from a system of 
protection by prohibition and licence to a system of 
protection by the tariff. In broad terms, the import 
of dyestuffs and their intermediates would receive 
the treatment as other and this 
section of industry would thus receive the same level 


same chemicals, 
and form of protection as was enjoyed by the rest of 
the chemical industry. Mr. Erroll assured the House 
that the dyestuffs industry had been duly consulted 
on the change-over, which would be effected by tariff 
orders, and said that amendment of the open general 
licence, operating from March 2, would be introduced 
to the House in due course. 

It is perhaps the most emphatic testimony to the 
way in which over the past forty years the dyestuffs 
industry has been built up that this unique British 
system should have been terminated so quietly and 
almost without notice. The arguments as to the key 
importance of the industry advanced during the 
First World War and afterwards have not lost their 
importance, however, and it would ill become the 
British scientist or technologist to allow the system 
to end without saluting alike the vision and determ- 
established it, who saw 
maintained even at 


ination of those who first 
thirty years ago that it was 
personal sacrifice, or the forebearance and co-opera- 
tion between makers and users which made the system 
work. Both dyestuffs manufacturers and 
of dyestuffs in the textile industry appear to expect 
very little change in the pattern of trade under the 
new conditions, and the dyestuffs industry seems to 
be reasonably confident of continuing to supply 
90 per cent of the requirements of the textile industry 
Moreover, the co-operation of the users 


users 


in Britain. 
in building up the British industry, especially thirty 
more ago, has established a strong com- 
munity of interest as well as a tradition of co- 
operation. Dyers have come to depend largely on, 
the technical services of the dyestuffs manufacturers 


years or 


as well as on his supplies of colour, and those servicet 
are unlikely to be so readily available from overseas 
sources. While it is too early to be sure of the effect 
of the new arrangements on the industry, there 
appears to be every reason for confidence that 
the British industry will continue to flourish and to 
make important contributions in products and tech- 
nique. 

The dyestuffs industry is not the only reason why 
the European Free Trade Association Act has at 
least passing interest for the scientist. Like other 
measures towards freeing European trade, it should 
serve to develop that community of interest and 
freedom of communication which science and tech- 
nology alike require for unimpeded advance, and 
which are the greatest safeguard against waste of 
effort or resources. Two recent broadsheets issued 
by Political and Economic Planning bring this out a 
little further. The earlier one, ‘““European Unity—A 
Review” (No. 436; September 28, 1959), assesses 


generally such institutions as the Economic Com- 
mission for Europe, the Organization for European 
Economic Co-operation, the Council of Europe and 
the North Atlantic Treaty Organization, and the 
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obstacles to the rationalization of such organizations. 
A much more elaborate analysis has also been pub- 
lished by Political and Economic Planning under the 
title “European Organizations’’*, as the outcome of | 
the work of a research group. j 

Apart, however, from the summary and conclusions 7 
of this report, and the long chapter on the Organiza- 
tion for European Economic Co-operation, the | 
broadsheet is likely to meet most of the needs of the © 
scientist or technologist, particularly if supplemented 7 
with the second broadsheet, “‘Challenge and Change” 7 
(No. 440; March 14, 1960). This broadsheet contains : 
four papers delivered last autumn at a conference, © 
“Is the Economy of the Western World splitting 
apart ?’, arranged by the Committee for Economic 
Development, an American research organization 
conducted on somewhat similar lines to Political and 
Economic Planning. In the first of these papers, Sir 
Oliver Franks, dealing with ““The New International 
Balance: Challenge to the Western World’’, refers 7 
to the importance of a right answer to our relation 
to the developing countries and a proper allocation 
of our resources to this cause. The same point is 7 
made by Mr. P. van Zeeland in his paper, “The | 
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Economic Community: Move towards Atlantic 
Union”, in discussing the relations between the 


Common Market and Africa. Mr. van Zeeland sug- 
gested in particular the creation of an Atlantic 
economic community, open to all free peoples, averse | 
to discrimination and ready to serve the under- 
Hoffman, in his paper, 





privileged, while Mr. P. C. 
“Development and Growth: Goals for a Crucial 
Decade”, dealt at length with assistance, 
including technical assistance, to the under-developed 
countries. The significant emphasis placed on these 7 
problems of the relations between the relatively 

advanced and the under-developed countries should 4 
not be lost on the scientist and technologist, who § 
have much to contribute in that field. There is 
undoubtedly much still to be done to work out the 
most effective means by which such assistance can 
be given, before we can regard the channels of com- 
munication, even of information, reasonably clear, 
and the waste of scientific and technical resources or 


some 





man-power unlikely. ; 

* European Organizations. Pp. xvi+372. (London: Political and 
Economic Planning, and George Allen and Unwin, Ltd., 1959.) 308. 3 
net. : 
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HEISENBERG, PHYSICS AND 
PHILOSOPHY 


Physics and Philosophy 
The Revolution in Modern Science. 
Heisenberg. (World Perspectives.) 
don: George Allen and Unwin, Ltd., 1959.) 
ROM the group of physicists who, thirty-five 
years ago, built the rational foundation of the 
quantum theory of atomic systems, the figure of 
Heisenberg emerges as the leading one, both by his 
creative imagination and by his powerful grasp of the 
novel logical relationships which confront us in this 
domain. To those who, like myself, look to him for 


By Prof. Werner 
Pp. 176. (Lon- 


15s. net. 
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continued guidance and inspiration, a book containing 
his views on the philosophical aspects of modern 
physies would raise high expectations. It is therefore 
with great dismay that I am forced to confess my 
disappointment, and to set down, for the edification 
of potential readers, my reasons for it. Just 
because I regard Heisenberg as one of the highest 
authorities in the domain of fundamental physics, I 
shall do this with unsparing frankness. 

The book reproduces the text of a course of Gifford 
Lectures; I was unable, however, to discover any 
plan or leitmotive in this course ; the single chapters 
might just as well have been detached lectures on 
their respective subjects, and they are not even 
presented in any obvious logical order. 
any pre-occupation with systematic or scholarly 
discussion is also apparent from the complete absence 
of references to any books or articles which would 
allow the reader to pursue the subject of his choice. 
Indeed, the author, who is undoubtedly well read in 
some parts at least of philosophy and history, has 
taken so little care in checking his facts that his 
sketches of the historical development of philosophical 
and scientific problems are everywhere marred by 
serious inaccuracies, which are the more disturbing as 
the inexpert reader does not get any hint about the 
sources of the author's information. Lest one suspect 
ine of being pedantic, let me just mention that even 
such widely known historical developments as that of 
electromagnetism or the notion of the atom in chemis- 
try are presented in a false light. It is unfortunately no 
exaggeration to say that as an exposition of the basic 
data which the author takes as a starting point for 
his comments and considerations, the book is worse 
than valueless: it is positively misleading. 

One may perhaps console oneself by observing 
that, after all, one is not looking here for any system- 
atic study, but rather for some conversation, as it 
were, with the author about the thoughts and 
reflexions which are familiar to him and which 
inspire him in his creative work. From this point 
of view the book has undeniably documentary value : 
but how much more interesting would have been the 
conversation if the author had been more attentive 
to his interlocutors ! In the chapters more specially 
devoted to the physical problems in which he is no 
longer a negligent dilettante, but a supreme master, 
the author has apparently made no effort to express 
his thought with the precision and neatness one has a 
right to demand from him: he alternates uneasily 
between a popular exposition of results (which is 
not his forte) and a hazy, superficial discussion of the 
logical and philosophical issues, which certainly 
does not convey to the layman an adequate idea of 
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their importance. 

Turning now, with these reservations in mind, to 
the contents of the book, one again meets with 
disappointing features. One of the lectures is devoted 
to Greek philosophy, another to the modern philoso- 
phical systems from Descartes to Kant ; these sur- 
veys, however, are presented as mere catalogues of 
ideas which appear to follow each other in arbitrary 
succession ; and this unhistorical approach is still 
more underlined by the fact that the whole discussion 
of these philosophical conceptions is directed towards 
their assessment in comparison with our present views, 
derived from the development of atomic physics ! 
It would be hard indeed to find a less-inspiring subject 
than the consideration of the epistemological situation 
of quantum theory from the point of view of the 
Kantian a priori. 


The lack of 
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With regard to the epistemological problems just 
mentioned, Heisenberg’s exposition naturally follows 
the line of argument which he has himself so decisively 
contributed to establish, and which he calls, in 
homage to Niels Bohr’s great leadership, the ‘“‘Copen- 
hagen interpretation”. He even devotes a whole 
chapter to the thankless task of tearing to pieces the 
various objections raised against this conception, and 
this is the best chapter of the book. But the account 
he gives of the “Copenhagen” ideas is unfortunately 
not so good as it ought to be; and certainly not 
one of the physicists now working in Copenhagen 
would subscribe to the general philosophical attitude 
underlying this account. Altogether, it would be 
better to discard such an ambiguous expression as 
“Copenhagen interpretation”, were it only because it 
falsely suggests that there could be other possible 
interpretations of quantum theory. 

I am particularly unhappy about the chapter 
entitled ‘““Language and Reality in Modern Physics”’, 
in which it is suggested that in the description of 
atomic events the classical concepts are used “in a 
somewhat vague manner’’, reminding us “‘of a similar 
use of language in daily life or in poetry’. Taken 
literally, such a statement runs counter to the very 
spirit and purpose of the unceasing efforts of the 
Copenhagen physicists to develop an epistemology 
guaranteeing a fully precise use of the classical 
concepts, exempt from contradiction in every con- 
ceivable situation. Of course, the wave-concept, 
when applied to an electron, has not the same relation 
to possibilities of observation as when it is applied 
to a beam of light ; it is tempting to say, for example, 
that the wave-pattern of electrons in a crystalline 
lattice, constructed by the crystallographers from 
X-ray diffraction measurements, represents a ‘blurred’ 
or ‘smeared-out’ picture of reality : but this tempta- 
tion should be resisted, not encouraged. For the 
term ‘blurred’ or ‘smeared-out’ implies a reference to 
the particle picture, which, according to the rules of 
interpretation, cannot legitimately be used in this 
case. I fail to understand why the author, instead of 
insisting upon this kind of language problems—well 
known to physicists, but puzzling to outsiders—has 
preferred to dwell at length on questions of multi- 
valued logics, which can only confuse everybody. 

If this book had been better, I should have deplored 
its inclusion in a collection which, under the grandilo- 
quent title “World Perspectives’’, assembles all the 
shades of woolly thinking with which our time is 
afflicted. In this series, Heisenberg’s text appears 
preceded by an introduction which a professional 
philosopher has thought fit to write for it. But I am 
loath to load further reproach for a missed oppor- 
tunity on a colleague whom I deeply revere ; to see 
his book saddled with that introduction must be the 
punishment meted out to him by the gods. 

L. ROSENFELD 


ZOOLOGICAL LITERATURE 
The Zoological Record 


Vol. 93. Being the Records of Zoological Literature 
relating chiefly to the year 1956. Edited by G. 
Burder Stratton. Pp. v+2,014. (London: The 
Zoological Society of London, 1959.) 160s. 
HE ‘“‘Zoological Record’’ is yet another of the 
many publications held up by the printing 
dispute last year, and great credit reflects upon the 
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editor and recorders for its appearance after such a 
comparatively short delay. The present volume is 
162 pages longer than the previous one (then the 
largest on record), and although part of this increase 
(69 pages) is the result of including the Trilobita for 
1955 as well as 1956, there is once again evidence of 
the rapid expansion of the subject in recent years. 
The relative size of the various sections shows 
comparatively little change, Insecta still remaining 
by far the largest with 536 pages, rather more than a 
quarter of the volume. This section is prepared by, 
and obtainable from, the Commonwealth Institute of 
Entomology, and is arranged with a list of all the 
titles coming first, with full references following the 
author’s name, and each reference is given a serial 
number, this year rising to 3,444. Then follows the 
subject index prepared for those working on general 
problems, without affecting its importance for taxono- 


mists. This is divided under eight headings : general, 
morphology, development, physiology, bionomics, 


ecology, evolution, and geographical or faunistic, and 
information is arranged by orders under each heading. 
Finally, there is the systematic index where orders 
and families are arranged in alphabetical sequence. 
An appeal is made to writers of systematic papers to 
mark new synonyms with the words (n. syn) as 
otherwise it is impossible to ensure that they will 
be correctly recorded. A similar plan is followed in 
the other seventeen sections with the exception that 
the use of serial numbers has now been abandoned. 
These sections, compiled by twenty-four recorders, 
experts in the various branches of the subject, 
remain the same as in previous volumes, with the 
exception that the classes Amphibia and Reptilia 
are now separated instead of being united in one 
section. 

Protozoa ; Vermes—a very heterogeneous assem- 
bly ; Mollusca ; Arachnida; and the various classes 
of vertebrates comprise most references. Apart from 
the first two, these sections include animals which 
attract the attention of amateurs and this may 
explain their size. It is difficult to understand, 
however, why such very large groups as Coelenterata 
and Echinoderma do not receive more attention, but 
economic importance is doubtless significant. A total 
of 2,042 generic and subgeneric names is listed in the 
final section, made up as follows : 

Protozoa 78; Porifera 9; Coelenterata 51; 
Echinoderma 8; Vermes 82; Brachiopoda 96; 
Bryozoa 10; Mollusca 153 ; Crustacea 84; Trilobita 
(1955) 85, (1956) 62; Arachnida 200; Insecta 974 ; 
Protochordata 4; Pisces 69; Amphibia 6; Reptilia 


16; Aves 5; Mammalia 50. 
The ‘Zoological Record’’ is compiled for the 


Zoological Society of London and published by it. 
The very heavy expenses involved are met, in part, 
by donations from institutions and individuals 
amounting, during 1956, to a total of just over two 
thousand pounds. All these donations come either 
from the British Commonwealth or the United 
States, with the exception of the International 
Council of Scientific Unions (£500) and the Naples 
Zoological Station (£10). It is regrettable that a 
publication of this nature, the only one which 
attempts to give each year a complete list of zoological 
publications through the world, and indispensable to 
any zoologist trying to trace the literature of his 
subject, should not receive support from zoological 
institutions in other countries. 
Epwarp HINDLE 


NATURE 


VoL. 186 


June 11, 1960 


GENETIC RECOMBINATION 


Exchange of Genetic Material 


Mechanisms and Consequences. (Cold Spring Harbor 


Symposia on Quantitative Biology, Volume 23.) 
Pp. xvi+433+2 pilates. (Cold Spring Harbor, L.1., 
New York: Long Island Biological Association, 


1958.) 8 dollars. 


HE recombination of genetic materials, its 

mechanism, control and significance, constitutes 
one of the great central problems of genetics. Recom- 
bination was first observed by Mendel, but the free 
recombination of genes carried on different chromo- 
somes, such as he was presumably seeing, present 
little problem of mechanism. However, with the 
discovery of linkage groups and the analysis of the 
restricted recombination between the genes of a 
group came the much more difficult, and theoretically 
much more significant, question of how homologous 
chromosomes exchange material during the process 
of meiosis. This commanded wide study by genetical, 
and later cytological, means for some thirty years 
and much was discovered about the process : inter- 
ference, the non-random distribution of recombina- 
tion along the physical chromosome and the recipro- 
city of exchange were all established, but perhaps 
not surprisingly the mechanism eluded us. There 
were theories but no finality ; and here the study of 
how recombination comes about rested for more than 
a decade. Interest revived with the advent of micro- 
organisms as subjects of genetical investigation, for 
these not only offered the technical advantages of 
analysing recombination too rare to be followed even 
in Drosophila but also revealed new mechanisms by 
which it could come about—parasexuality, transform- 
ation, transduction and the like—and also brought to 
light the phenomenon of gene conversion with its 
curious and as yet unclear relation to recombina- 
tion. An additional fillip was given by the growing 
understanding of how deoxyribonucleic acid is or- 
ganized. 

This new interest in the mechanism of recombina- 
tion is well exemplified by the Cold Spring Harbor 
Symposium of 1958. Sixteen of the papers deal with 
recombination as seen in various bacteria and fungi, 
and these include the address with which Sir Mac- 
farlane Burnet opened the symposium. Two further 
papers specifically consider it in relation to the 
replication and arrangement of deoxyribonucleic 
acid in the chromosomes. Non-reciprocal recombina- 
tion and conversion, transduction and the possible 
restriction of effective pairing to specific sites are all 
considered. The unity and the duality of mechanisms 
underlying recombination in its various manifesta- 
tions are both argued. Five papers, all but one of 
them dealing with Drosophila, present cross-over 
studies of the more classical type. There is as much 
information and as much stimulation in these twenty 
or so papers as there is absence of agreement on 
conclusions and points of view. This is no doubt as it 
should be in a field of active study, but it warns us 
that understanding of how recombination comes 
about is as elusive as ever. 

The symposium was not confined to mechanisms 
but considered consequences as well. It has long 


been realized that the significance of sexual repro- 
duction lies in the recombination it makes possible. 
Not until the development of polygenic theory, 
however, did the full importance emerge of recombina- 
tion as the prime agent of genetic flexibility in popula- 
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tions. This relation of variation and selective response 
to recombination is explored further in three papers, 
and several others discuss the control of recombina- 
tion by both its direct restriction and its reduction 
to ineffectivity through inbreeding and apomixis in 
the wild. Again, as with mechanisms, we see a 
diversity of approach, but this time with more unity 
of conclusion ; polygenic recombination is ihe key to 
understanding variation, adaptation and change in 
the wild. 

The breadth of the symposium is finally emphasized 
by the inclusion of a number of papers dealing with 
such varied topics as recombination in relation to the 
stability of genes, nuclear-cytoplasmic relations and 
the remarkable phenomenon of paramutation in 
maize. If evidence were needed that recombination 
is of central significance in genetics this symposium 
most certainly supplies it. It is scarcely to be recom- 
mended as reading for the novice, but few geneticists 
will fail to gain stimulation and profit from it no 
matter where their interests lie between the chemical 
basis of heredity and the behaviour of populations 
in the wild. KENNETH MATHER 
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THE PLEISTOCENE ERA 


The Pleistocene Period 

Its Climate, Chronology and Faunal Successions. By 
Prof. Frederick E. Zeuner. Pp. 477. (London: 
Hutchinson and Co. (Publishers), Ltd., 1959.) 42s. net. 


| EFORE the Second World War, most of the books 

about the Pleistocene Period were becoming out 
of date, and the publication of Prof. Zeuner’s book 
‘The Pleistocene Period”’ by the Ray Society in 1945 
was therefore most welcome. The subject of the 
present review is an enlarged edition of that work, 
brought up to date by the addition of a chapter 
which presents ““New Evidence”, the main body of 
the work remaining almost unaltered. This arrange- 
ment is unfortunate, as it fails to include references 
to many new publications which have appeared since 
1945. 

The book starts by describing the evidence of past 
climatic changes as deduced from glacial and peri- 
glacial beds and from physiographical features, and 
to a lesser extent from the study of fossil plants and 
animals. On this rather one-sided basis the sequence 
of climatic fluctuations for most parts of the Earth 
are examined in detail. This is followed by Prof. 
Zeuner’s well-known comparison between the climatic 
results thus assembled and the calculations by 
Milankovitch of the variation of the amount of heat 
received by the Earth from the Sun during the past 
600,000 years or so. He has always believed that 
these two lines of evidence agree remarkably well, 
although some geologists have never accepted this 
point of view. Whatever one’s personal opinion may 
be, an important statement by Prof. Zeuner (on p. 
372) points out that a radioactive test by the potas- 
sium-argon method has recently confirmed the 
dating of the end of the Elster glacial phase in 
Germany as the same as that calculated from the 
astronomical theory. He also believes that these 
climatie fluctuations caused changes in sea-level, and 
this leads him to a correlation of the Pleistocene 
beaches, mainly according to their heights. It is 
unfortunate that the author seems to ignore much 
work by Lecointre and others on the correlation of 
the marine beds by faunal methods, as some of that 
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work agrees well with Zeuner’s conclusions based on 
the heights of the shore-lines. Finally, the chapter on 
the rate of evolution of some land-mammals is 
reprinted in its original form in this new work. 

The main subjects included in the new additional 
chapter are based mainly on Prof. Zeuner’s own 
observations, and include some features of the 
terraces of the Thames and of part of the Rhine basin ; 
of the Nile Delta and of some Pleistocene beaches of 
the Canary Islands, Norfolk and Devonshire. In 
Appendix 3 (pp. 378-379) an interesting table sums 
up the shore-line heights from a large number of 
places, but one wonders whether there is any advan- 
tage in the sequence being represented upside-down, 
with the youngest events at the bottoms of the 
pages ? 

It is unfortunate to have to record omissions 
from this stimulating book, but they are mentioned 
here in the hope that they can be put right in future 
editions. As an example, no mention is made of the 
investigation, mainly by pollen analysis, of inter- 
glacial plant beds in Holland and Germany and places 
like Hoxne in England, although this work would 
have given so much information about climatic 
fluctuations. Again, some methods of investigating 
glacial tills, especially that of stone orientation, seem 
to be ignored, although they are so useful for cor- 
relation. 

But with all its defects, this book, with its unique 
bibliography, is a valuable work of reference for any- 
one who is trying to solve the puzzles of the Pleisto- 
cene Period. D. F. W. BapEn-POWELL 


METHODOLOGY AND 
SUPERCONDUCTIVITY 


A New Method in the Theory of Superconductivity 
By N. N. Bogoliubov, V. V. Tolmachev and D. V. 
Shirkov. Translated from the Russian. Pp. iii+121. 
(New York: Consultants Bureau, Inc.; London: 
Chapman and Hall, Ltd., 1959.) 5.75 dollars ; 50s. 


HIS monograph is addressed primarily to 
theoretical physicists: from the start the formal- 
ism of quantized fields is employed. The presentation 
is fairly clear, and the calculations are easy to follow. 

The ‘new method’ of the title consists in the 
application of a certain transformation of the field 
variables. The Hamiltonian of the system of inter- 
acting electrons is re-expressed in terms of a set of 
‘quasi-particles’. The transformation is applied to the 
Bloch-Fréhlich model of a metal and to more com- 
plicated models, with Coulomb interactions and with 
renormalization of the phonon energy and the 
electron-phonon coupling constant. 

The calculation of energy-levels seems convincing, 
and certainly suffices to explain some of the properties 
of superconductors. The energy spectrum has a gap, 
and it has been known for some time that many of 
the properties of superconductors can be derived 
from a phenomenological energy-gap model—for 
example the specific heat or the microwave absorption 
edge. The electrodynamical properties are another 
matter, and their treatment is less than adequate. 
The authors make it fairly plausible that the electrical 
resistance should vanish, but they do not discuss the 
Meissner-Ochsenfeld effect. It is just here that 
certain difficulties arise, which have been the source 
of much controversy. 
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The transformation has some strange features. 
The procedure introduces singularities, and then 
selects the parameters of the transformation to 


remove them again, to the same order of perturbation 
theory. Moreover, although the starting point of the 
theory is a model with a fixed number of electrons, 
after transformation the total number of electrons is 
no longer a good quantum number. The use of a 
chemical potential for the electrons enables calcu- 
lations to proceed, but. the physical meaning of the 
slight blurring of the electron number is obscure. 
The states of the system are identical with those 
found by Bardeen, Cooper and Schrieffer, and indeed 
the lack of sharpness of the electron number is also a 
feature of their theory. The new method is, however, 
both more elegant and more widely applicable ; the 
form of the theory due to Bardeen, Cooper and 
Schrieffer could not be applied directly to the Bloch- 
Fréhlich model. 

The claim is made that this volume constitutes a 
complete solution to the problem of superconductivity. 
For reasons set out above, I do not accept this claim, 
but nevertheless warmly welcome the appearance 
of the volume. Bogoliubov’s quasi-particle trans- 
formation is a very valuable addition to the method- 
ology of theoretical physics, even if it is not quite an 
all-purpose tool. It is extremely useful to have 
a connected and systematic account of the method 
and its application to superconductivity. 


C. G. KuPER 


HOROLOGY IN MEDIEVAL CHINA 


Heavenly Clockwork 
The Great Astronomical Clocks of Medieval China. 
By Dr. Joseph Needham, Dr. Wang Ling and Dr. 
Derek J. de Solla Price. Pp. xv +254+21 plates. 
(Cambridge : At the University Press, 1960. Pub- 
lished in association with the Antiquarian Horological 
Society.) 65s. net. 

R. NEEDHAM’S researches into the history of 

science and technology in China are well known 
for the breadth of their scope and the vast array of 
new material which he has brought to light, and the 
book under review throws a spotlight of great bright- 
ness on one aspect of this history. With the help of 
his distinguished collaborators Dr. Needham has 
revealed the existence of a school of Chinese makers 
of astronomical clocks and armillary spheres at work 
over the period a.p. 100-1600, and in this book, 
besides describing these in great detail, has shown 
their relationship with the early water-clocks which 
preceded them and the wholly mechanical clocks of 
Europe which appear to have developed independently 
of the Chinese technology from the late thirteenth or 
early fourteenth century onwards. 

The first five chapters of the book consist of an 
elucidation and explanation of a Chinese text ““New 
Design for a Mechanized Armillary Sphere and 
Celestial Globe’ written by Su Sung in a.p. 1090, 
the appropriate sections of which are fully trans- 
lated. 

Su Sung’s ‘Clock’ was a great astronomical clock- 
tower more than 30 feet high, surmounted by a huge 
bronze power-driven armillary sphere and containing 
an automatically rotated celestial globe ; while on 
the outside of the tower various automata appeared 
through doors to ring bells and gongs indicating the 


time. 
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Perhaps the most remarkable feature of the whole 
structure was, however, the water-wheel escapement 
inside the tower, which controlled the time-keeping 


and forms a ‘missing link’ between water-clocks of 


uniform flow as employed in the Egyptian, Greek and 
Roman civilizations and the all-mechanical inter- 
mittent escapements of medieval Europe. 

The water-wheel carried a succession of troughs 
into which water flowed uniformly, and when a 
trough became full a weighbridge tipped and allowed 
the wheel to turn until it was brought to rest by a 
form of detent with the next trough beginning to fill. 
This operation was repeated every quarter of an hour. 
The book reproduces original illustrations of the tower 
and of many of its details and includes carefully drawn 
modern diagrams clearly illustrating the detailed 
operation of the water escapement and the other 
important mechanical features of the clock. 

In interpreting these, the authors were set the task 
of recognizing unfamiliar Chinese technical terms 
for the various parts: this they eventually succeeded 
in doing without ambiguity, and the vocabulary they 
thus learned was invaluable to them in interpreting 
earlier Chinese texts on similar subjects. 

These earlier texts, in fact, reveal that Su Sung’s 
clock was not the pioneer, but the culmination of a 
series of astronomical clocks, and the sixth chapter 
of the book traces these backwards to their origin in 
the second century A.D. at the hands of Chang Heng 
(A.D. 78—c. 142), well known as the inventor of the 
seismograph of a.p. 132. 

Chang Heng’s clock consisted of an armillary 
sphere rotated by the force of flowing water, and 
after a careful examination of all the evidence the 
authors conclude that this implies drive by a water- 
wheel with scoops. The first water-clock with an 
escapement of the Su Sung type they attribute to the 
third decade of the eighth century. 

The authors now turn their attention to Chinese 
clockwork after Su Sung and find a steady progression 
without spectacular developments, the function of the 
mechanism being still to rotate an armillary sphere 
and operate automata rather than to indicate the hour. 
The next turning point is the arrival of the Jesuits 
in 1583, bringing contact with the European clock- 
making tradition. 

It appears, somewhat surprisingly, that the 
mechanical striking clocks which the Jesuits took 
with them to China created a great impression there 
and added much to the prestige of their bearers ; 
later, during the seventeenth and eighteenth cen- 
turies, a considerable export trade in clocks from 
Europe to China developed. 

The main part of ‘‘Heavenly Clockwork”’ concludes 
with a review of the early development of European 
mechanical clocks, the conclusion being that recently 
put forward by Dr. Price that the mechanical 
clock was a by-product of an elaborate mechanical 
mechanism for driving globes and orreries rather 
than an independent invention as a pure time- 
keeper. 

The above rapid survey does scant justice to the 
immense scholarship and detailed labour which went 
into the creation of “Heavenly Clockwork”’ and is 
set down therein in a most orderly fashion. The book 
is both immensely learned and very readable. 

It has been published in association with the 
Antiquarian Horological Society, before which Dr. 
Needham first set forth his discovery of the Su Sung 
text in a lecture on January 11, 1956. 

F. A. B. Warp 
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Steric Course of Microbiological Reactions 
Edited by G. E. W. Wolstenholme and Cecilia M. 
O’Connor. (Ciba Foundation Study Group, No. 2.) 
Pp. vili+115. (London: J. and A. Churchill, Ltd., 
1959.) 12s. 6d. net. 
rT “HE volumes describing the proceedings of the 
three-day and four-day conferences arranged by 
the Ciba Foundation are well known, and they have 
firmly established themselves as an important guide 
to current research in the sciences allied to medicine. 
This little book represents a new venture, namely, 
publication of the proceedings of a one-day study 
group. It contains five communications, preceded by 
an introduction by the chairman (A. Neuberger). 
The first (by F. H. Westheimer) is a historical review 
of the steric course of microbiological reactions. This 
is followed by articles on the mechanism of hydrogen 
transfer with pyridine nucleotides (K. Wallenfels), 
steric mechanisms in reactions of lactic acid (N. O. 
Kaplan), and the steric and molecular specificity of 
steroid dehydrogenases (P. Talalay and H. R. Levy). 
The final communication, on the steric course of some 
microbiological and enzymic reductions of ketones, 
is by Prof. V. Prelog of Zurich, in whose honour this 
particular study group was organized. 

These papers describe different aspects of an 
exciting and rapidly advancing branch of enzyme 
research, one which is of importance to biochemists 
and organic chemists alike. They are presented with 
great clarity, in spite of the complexity of the subject. 
They could be read and enjoyed by final-year honours 
students as well as by postgraduate workers, and for 
this reason the low price of the book is especially 
welcome. The papers are well illustrated with 
chemical structures, curves of reaction rates, diagrams 
of suggested means of attachment of enzymes to their 
coenzymes and substrates, and so on, and they are 
accompanied by a detailed account of the discussions 
which followed. According to the preface, the 
publishing of the first four of these one-day study 
group conferences is regarded as an experiment. 
Judging by this sample, the experiment must be 
considered highly successful. It is greatly to be hoped 
that these stimulating accounts of the work of the 
study groups will continue to appear from time to 
time, together with the volumes of the longer con- 
D. C. Harrison 


No. 4728 


rerences. 


Milk Testing 

The Laboratory Control of Milk. By Dr. J. G. Davis. 
Second edition. Pp. xiv+309. (London: Dairy 
Industries, Ltd., 1959.) 30s. 


Be IS book is intended to provide all the necessary 
information for the routine control of milk by 
those concerned with laboratory work in collecting 
depots and processing dairies. It is therefore in the 
nature of a selection of standard methods for the 
sampling and chemical and bacteriological examin- 
tion of milk for use in the dairy industry. The 

thor has collected a great deal of information into a 

all publication. The sections dealing with the 


«impling of dairy products and the organization of 


e dairy laboratory are very good, but the author 
at his best when dealing with the bacteriological 
sts. The section dealing with chemical tests might 
he criticized because it consists to a very large extent 
reprints of British Standards specifications, which 
readily available from other sources. The section 
dealing with the calibration of glassware—a basic 
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need in any dairy laboratory—is dealt with very 
scantily and is not given sufficient attention. 

The publication would be a valuable addition to 
the library of any dairy Jaboratory, and provides an 
easy means of reference to some of the more rarely 
used techniques which may be required for special 
investigations. However, the author does not deal 
fully with these methods, but all too often only 
provides references which will be difficult to obtain 
in the type of laboratory where the book will be of 
greatest use. The book is well printed, on the whole 
well written, and very free of mistakes. The most 
serious error is on p. 86, where it is stated that the 
total nitrogen is automatically determined when the 


easein is estimated. A. L. PROVAN 


A Supplement to ‘‘Helium’”’ 

By E. M. Lifshits and E. L. Andronikashvili. Trans- 
lated from the Russian. Pp. v+167. (New York: 
Consultants Bureau, Inc.; London: Chapman and 
Hall, Ltd., 1959.) 7.50 dollars; 60s. 


NE gets the curious impression, on reading this 

book, that one has been here before, and then 
one realizes that although the book has only now 
appeared in English translation, it was actually 
written in 1949. In other words, it was written, 
from its notions about liquid helium, in pre-Feynman 
days, and from its style and ethos, in the days of 
Stalin. 

The great virtue of Keesom’s “Heliwm”’ is that it 
contains every measurement made and every idea 
expressed on helium, good, bad, and indifferent, from 
the year one up to near the year 1942, when the book 
was published. All the ideas were allowed to find 
their own level with only the gentlest help from the 
author. Thus the book has an abiding value in spite 
of its appearance before the Landau _ theoretical 
break-through in the mid-’forties and the Feynman 
theoretical break-through in the mid-’fifties. 

The “Supplement to Helium” is entirely different 
in character. It is a Russian view of the work done 
on liquid helium during the late 1930’s and the 1940's 
when the Russian contribution was undeniably 
outstanding, but it was written at a time when it was 
apparently politically necessary to make it appear 
that non-Russian efforts were at best confused and at 
worst wrong-headed. The present reviewer gets off 
rather lightly in having his work described as “carried 
out under very complicated conditions *, but 
Tisza, whose contributions to the theory of helium-I] 
have been of very great importance, is treated very 
unfairly indeed. A decade ago one could sympathize 
with Russian colleagues who were in a difficult 
position, but it would have been an act of grace 
on the part of the authors if they had modified the 
text prior to its present translation. As it is, the 
repeated slanging somewhat mars an otherwise 
quite useful addition to the literature on liquid 
helium. 

From the point of view of readability, appearance 
and accuracy the book is no great advertisement for 
either the Consultants Bureau or for the “muiltilith 
process from the International Business Machines, 
Ltd., ‘cold’ type’”’. The printing is uneven and there 
are many blemishes, the mathematical type-setting is 
poor, the references in the text to figures and equa- 
tions are sometimes wrong, and there are other proof 
errors such as Michels’s name appearing as Milelson on 
p. 100. J. F. ALLEN 
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THE VISUAL SYSTEM OF OCTOPUS 


(1) Regularities in the Retina and Optic Lobes 
of Octopus in Relation to Form Discrimination 


By Pror. J. Z. YOUNG, F.R.S. 


Department of Anatomy, University College, London 


HE capacity of an octopus to learn to make 

distinct reactions to differing visible shapes 
depends largely upon analysis of the vertical and 
horizontal extents of the figures'. Certain regularities 
now found in the retina and optic lobes provide 
clues to the mechanism for computing in these two 
directions. 

The cells of the optic lobes show a bewildering 
variety of shapes. Often it is not possible to distin- 
guish clearly between dendrites and axons, or to 
establish histologically the probable sites of origin of 
action potentials or the direction of conduction of 
the cells. Some of the cells have orientated dendritic 
trees within which there may be complex interactions 
such as are known in neurons of somewhat similar 
form in Crustacea*.*. There are sufficient data to 
suggest that the shapes and anatomical arrangements 
of the cells are of fundamental importance in the 
coding system. Deutsch‘ has proposed a hypothesis 
based on the general arrangement of the system as 
revealed by previous workers*.*. Further study now 
provides additional evidence of regularities. It must 
be emphasized, however, that the forms of the cells 
are so complicated and difficult to investigate that 
much further work will be needed before it is certain 
which features are significant. 

The outer segments of the retinal elements, directed 
towards the centre of the eye, form squares (‘rhab- 
domes’) as seen in tangential section, separated from 
each other by pigment granules’ (Fig. 1). Further 





Photograph of tangential section of retina of Octopus. 
Only the pigment shows, the rhabdomes being unstained. The 
long axis of the figure is dorso-ventral 


Fig. 1. 


examination shows that the rhabdomes are orient- 
ated in the dorso-ventral and horizontal planes of the 
eve, as it is usually held with the pupil horizontal. 

Each rhabdome contains four ‘rhabdomeres’, 
composed of piles of tubules*,*, and these lie with 
their long axes approximately in the vertical plane 
in one pair and the horizontal plane in the other pair 
in each rhabdome. The rhabdomes are connected to 
inner segments, each with a nucleus and nerve fibre, 
and counts show that there are twice as many nuclei 
as there are squares in the retina. Each rhabdome 
thus contains two receptor units (retinal cells), 
probably arranged as in Fig. 2. There are altogether 
1-2 x 10’ nuclei—a density of about 50,000 per 
mm.*. There are no striking differences in density 
in the central and peripheral parts of the retina. 























Fig. 2. Diagram of probable arrangement of the elements of the 
retina; above as seen in a tangential section, below in radial 
section. bas., basal cell (which probably sends branches between 
the rhabdomes); eff., efferent axon to the retina; i.s., inner 
segment; 0.8., outer segment; pl., plexus beneath retina; rh., 
rhabdomes. It is calculated that each retinal unit (pair of 
rhabdomeres) subtends a visual angle of 1 -3’ 

The processes of the retinal receptors pass through 
a plexus and then through a chiasma that inverts 
the display in the dorso-ventral plane. They end 
within the optic lobes mainly in a complicated plexi- 
form layer, the deep retina. This layer shows the 
following features in Cajal and Golgi preparations : 

(1) A marked layering ; four layers of tangential 
fibres are recognized, separated by four in which they 
are mainly radial (Fig. 3). 

(2) Each optic nerve fibre has endings at more than 
one depth in the plexiform zone. The endings are 
mainly either superficial or deep, but there are also 
intermediates. 

(3) Numerous amacrine cells send processes that 
spread to increasing distances with increasing depth 
(Figs. 3 and 5). These cells often do not show one 
distinct process that could be called an axon, though 
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rig. 3. Diagram of the structure of the outer part of the optic 


lobe of Octopus, The retina is shown above with the image of a 
small rectangle. am. 1, 2 and 3, amacrine cells; bp. 1 and 2, 


bipolar cells the dendrites of which at different levels in the 
plexiform zone are orientated in opposite directions ; mp., multi- 
polar cell with many dendrites reaching to plexiform layer ; 
pl., plexiform layer; rec., cell with dendrites in plexiform layer 
nd a recurrent axon; ret., retinal nerve fibre. z and y cells with 
fferent processes to the retina, z has short basal processes, 

long ones. All the cells are shown very schematically. A 
rectangle of 20 cm.* seen at 1 m. would produce an image cover- 
ng 14,000 retinal cells. A length of 100u on the surface of the 
lobe corresponds to a visual angle of 40’, receiving some 30 optic 

nerve fibres 


it is possible that these are unseen with the light 
microscope. If these cells ensure that excitation 
occurs where their processes overlap they may pro- 
cluce activity in the more superficial layers for points 
near together on the retina and in deeper layers for 
those more distant, thus serving to produce a neural 
representation of length. However, without informa- 
tion as to the physiological characteristics of such 
cells, it is not possible to say exactly how they func- 
tion. An alternative possibility is that they serve to 
produce inhibition when neighbouring retinal elements 
are active, sharpening the effect of contours. 

(4) Deep to the plexiform layer are further layers 
of small cells. Some of these are amacrines. Others 
have numerous processes in the plexiform layers and 
an axon that passes outwards into an optic nerve 


e 1. NUMBER AND LENGTHS OF FIBRES IN AN AREA OF 22,500,° 
IN’ THB PLEXIFORM LAYERS OF THE OPpTic LOBE OF AN OCTOPUS 
(CAJAL’S METHOD) 


Degrees from horizontal 


I er of plexus 165-180 L 
75-105 105-135 45-75 135-165 15-45 0-15 
Second tangential 
Number 39 s 13 6 5 13 
ngth (yz) 1,455 393 462 204 179 531 
in length («) 37 49 36 34 35 50 
rhird tangential 
Number 24 18 11 16 11 19 
Length (n) 625 447 373 490 445 664 
Mean length () 26 25 34 $1 41 35 
Fourth tangential 
Number 26 14 14 1l 13 16 
Length (#) 760 450 321 357 359 415 
4 Me - length (u) 29 32 23 32 29 26 
ot 1 
Number 89 40 38 33 29 48 
Mean length 32 3 30 32 34 34 
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Fig. 3) and presumably provides an efferent pathway 
to the retina. Collaterals have been described at the 
base of the inner retinal segments*,*, and there are 
thus probably synaptic connexions in the plexus 
behind the retina, as in Limulus’. The efferent cells 
to the retina also have basal processes, sometimes 
long (Fig. 3). 

(5) Conduction inwards from the plexiform zone is 
by cells that can be called bipolars. They have 
numerous dendrites in the plexiform zone while the 
axon either proceeds from the base of the cell or as a 
recurrent fibre from one of the dendritic processes 
(Figs. 3 and 5). The dendrites may be in several of 
the layers or only in one layer. They extend over an 
appreciable portion of the lobe (1 mm.) and each is 
thus influenced by a wide angle of the visual field 
(see legend to Fig. 3). They do not run equally in all 
directions. Measurements on Cajal preparations 
show the greatest number and total length of dendrite 
to be in the vertical direction (Table 1). There are 
also many horizontal ones, but fewer obliques. The 
individual fibres are longest in the horizontal direction, 
and Golgi preparations show that many of the 
dendritic fields are oval, with the long axis horizontal 
(Fig. 4). However, others have the main axis vertical 
or oblique. It may be that where a cell has dendritic 
fields in several of the plexiform zone layers, these 
lie predominantly in different directions, as shown 
diagrammatically in Fig. 3. Since the fields can 
only be seen fully in tangential sections, it is difficult 
to obtain evidence on their orientation. That they have 
some relation to ‘the main axes suggests a possible 
connexion with the fact that an octopus can discrimin- 
ate between vertical and horizontal rectangles but 
not between obliques". Sutherland" has provided 
evidence that octopuses discriminate between visual 
figures largely by taking account of some function 
of their vertical and horizontal extents. Cells with 
dendrites at different depths might be individually 





Fig. 4. Drawings of dendritic fields of some bipolar cells in the 
plexiform layer as seen in tangential sections of Golgi prepara- 
tions. The fields are oval, with long axes directed mainly hori- 

zontally, but sometimes vertically 
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responsive to different ratios in these directions, if the 
ensure that excitation 
greater length occurs at greater depths. 

(6) However, there is the further possibility that 
cells deeper in the optic lobes are sensitive to such 
ratios. Bipolar cells with oriented fields in one 
plexiform layer only project to depths proportional 
to the sizes of their receptive fields (Figs. 5 and 6). 
Here they meet the dendrites of the cells of the 
medulla of the lobe, the fields of which have most 
elaborate forms. These are even harder to study than 
the flatter fields in the plexiform layer, especially 
as they extend through considerable depths. Some of 
them have many superficial branches and fewer at 
deeper levels, others the reverse. If the parts of the 
field at different depths lie in differing directions 
these cells might be specifically sensitive to excitation 
by shapes with particular vertical and horizontal 
extents. 

Thus there are undoubtedly regularities in the 
distribution of the dendrites in the plexiform layer, 
and this may also be true throughout the lobe. 
The whole set of some 60 million cells would then 
provide a system able to learn to make appropriate 
responses to the vertical/horizontal extent of a moving 
figure. 

The effect of visual stimulation of an octopus by 
an ‘unknown’ figure is to elicit attack only occasionally 
and after long delay’*. As a hypothesis it is sug- 
gested that if food reward occurs following showing of 
a given shape, the cells that were active become 
conditioned to produce attack. During the period 
immediately after presentation, pathways to other 
parts of the same and the opposite optic lobes and 
through the vertical lobes would ensure that further 
cells with appropriate structure become conditioned, 
in addition to those originally stimulated. This would 
allow for spread of the representation throughout the 
tissue and thus for generalization of the response to 
retinal regions other than that stimulated. General- 


amacrines 





Fig. 5. Diagram to show further pathways through the optic lobe. 
aff., fibres afferent to the lobe from the brain or opposite lobe ; 
am., amacrine cells; 6i., bipolar cell; eff., cells with efferent 
fibres to the retina; Aor., horizontal cell; m.c., cells of the 
medulla, some with axons leaving the lobe; muit., small multi- 
polar cell: o.gl., optic gland; olf., olfactory lobe ; opt.tr., optic 
tract; ped., peduncle lobe; rec., cells with recurrent axons. 
All the cells are shown schematically 
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Fig. 6. Diagram of a thick horizontal section of the optic lobe to 
show probable arrangement of dendritic fields of some bipolar 
cells in single layers of the plexiform zone. Some run mainly 
vertically (d.v.), others horizontally (d.h.). The axons of the 
smaller cells end nearer the surface. The cells of the medulla 
have dendrites at many levels and these may run in different 
directions at different levels. Very diagrammatic. aff., afferent 
fibres; m.c. 1 and 2, cells of the medulla with deep and super- 
ficial dendrites orientated in different directions and spreading 
to different extents 
ization for figures of different sizes might also be 
achieved in this way, but this requires further 
investigation. Conversely, a figure that was followed 
by a shock would come to produce an avoidance 
response. Learning would thus consist of the 
accumulation of a sufficient number of suitably 
conditioned cells to produce a reliable response. 

If the learning of appropriate responses to shapes 
depends upon the presence of cells with pre-set 
orientations, then it may be expected that training 
with several pairs of figures would produce confusions. 
This proves to be the case. After training in the 
relatively difficult discrimination between a square 
and a diamond octopuses discriminated between 
vertical and horizontal rectangles at a significant] 
lower level than normal. Other interpretations of 
this result are possible, and it cannot be claimed that 
it is proved that the mechanism operates as here 
suggested. It is interesting, however, that an 
animal that recognizes shapes largely by their vertical 
and horizontal extents shows elements in the retina 
and brain arranged in these directions. 

There is a general similarity of the plan of organiza- 
tion of the visual system of Octopus with that of 
insects and vertebrates, which prompts the search for 
orientation of neuronal fields also in these animals. 
Indeed, some projections from the mammalian retina 
to the visual cortex are oval fields each with charac- 
teristic orientation'®. The evidence serves to direct 
attention to the need for considering the form of the 
distribution of dendritic fields as a factor allowing 
coding by selection of particular features of an 
input. 
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(2) Discrimination of Polarized Light by 
Octopus 


By M. F. MOODY and J. R. PARRISS 
Department of Anatomy, University College, London 


ANY animals, when illuminated by plane 

polarized light, orient their movements with 
respect to the plane of polarization. In a recent 
review Kalmus! has discussed the fact that this 
orientation is not necessarily dependent upon the 
ability of the animal’s eye to analyse polarized light ; 
in many cases the orientation is merely due to 
brightness patterns in the environment, since the 
polarized light may be preferentially scattered? and 
reflected in certain directions. 

When the experimental results are primarily of 
ecological interest, the exact mechanism of discrimina- 
tion is not relevant. However, there is electron 
microscopical evidence*,* to suggest that the discrim- 
ination could be performed inside the photo-receptor 
cells of the eyes, and that it is connected with the 
orientation of the groups of numerous, parallel, 
tubular photo-receptor elements inside these cells. 
ro provide evidence on this point it is necessary to 
show that the discrimination is intra-ocular and to 
determine whether the retina can give different 
responses to different directions of the plane of 
polarization. 

In an orientation experiment it is not easy to satisfy 
either of these criteria. First, it is difficult to illumin- 
ate so small a portion of the animal’s environment 
that brightness patterns cannot arise. Second, 
when the animal orientates itself in a fixed direction 
with respect to the plane of polarization, one is only 
able to conclude that all other directions give different 
recinal responses from the preferred direction. 

These difficulties can partly be overcome by train- 
ing an animal to discriminate different planes of 
polarized light using a modification of the method 
originated by Boycott and Young’ in the study of 
shape discrimination. An octopus, kept in an asbestos 
tank, was shown a small disk transmitting plane 
polarized light the electric vector of which could be 
rotated. When the electric vector was in one direction 
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Table 1 


Directions of the Correct Correct 


' 

No. of electric vector responses/ responses | 

octopuses | Positive Negative total trials | (per cent) | 

Group A 4 eo > 571/720 79 | 

| 

Group B 4 t eo 551/730 75 

Group C 1 JZ K 143/200 72 
G ) 2 261/400 45 
roup L & Z 51/4 65 





Arrows indicate direction of the electric vectors; the obliques 


were at 45° or 135° from the horizontal. 

Using a two-cell table of x* for equal expected frequencies, the 
discrimination of each of these four groups is clearly significant beyond 
0-01 level. 


(‘positive’) attacks on the disk were rewarded by feed- 
ing; when the electric vector was in a different 
direction (‘negative’) attacks were punished by giving 
a mild electric shock. 

The light was produced by a small water-tight 
electric torch, and was passed through a circular 
sheet of ‘Polaroid’ (diameter 2-1 cm.) in the rotatable 
metal front of the torch. The torch lamp voltage was 
adjusted to give a dim orange light. The octopus 
viewed the resu!ting circular disk of light through 
3—4 ft. of sea-water. Four groups of animals were 
trained with different directions of the electric vector. 
There was evidence of discrimination in each group 
(see Table 1) but the animals of groups A +B 
trained on ¢ and < did significantly better than 
the animals of groups C + D trained on 7 and "\. 
(Using a two-by-two contingency table for  ?, 
P = < 0-01.) 

It is possible that these discriminations were based 
on extra-ocular scattering or reflexion patterns (see 
above), but the nature of the experimental situation 
leads us to believe that this is unlikely ; the variety 
of discriminations made by the octopus is difficult 
to explain on these grounds. 

It is more likely that the retina is responsible for 
the discriminations. The receptor cell layer consists 
of retinula cells and rhabdomes'*, often arranged in 
rectangular array’ and lying mainly in the horizontal 
and vertical planes (see article 1). The rhabdomes 
contain sub-units, which Wolken’ called rhabdomeres. 
He showed that each rhabdomere consists of close- 
packed fine tubules, almost exactly as in the insect 





Fig. 1. Tangential section of the receptor layer of the octopus 


a: the light would travel vertically from above. The fine 
pe = HY (tub.) on packed parallel in groups called rhabdomeres 
(rhabd.). The rhabdomeres usually occur in groups of four, each 
group or rhabdome being bounded by four retinula cells (ret. cells). 
pig. gran., pigment granules. (Semi-diagrammatic; adapted 

from refs. 5, 7 and 9) 
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rhabdomeres. Fig. 1 shows the probable arrangement 
of the tubules in a rectangular rhabdome. The 
similarity of many structural features in insect 
ommatidia and in the octopus retina suggests 
that similar mechanisms might be _ responsible 
for the discrimination of polarized light in both 
cases. 

It is proposed to explain the discriminations by 
postulating the existence in the retina of ‘polarizing 
receptors’, each measuring the component of the 
electric vector in a certain direction (the ‘characteristic 
direction’). Such a receptor might work either by 
birefringence combined with internal reflexion, or 
by a dichroic arrangement of the visual pigment 
molecules’. 

As the simplest hypothesis let us suppose that all 
the polarizing receptors in the octopus retina have the 
same characteristic direction. Then unpolarized 
light would give a response more similar to one of the 
directions of the electric vector than to the direction 
perpendicular to it. This possibility was tested, after 
the discrimination had been established, by showing 
the octopuses the torch with the ‘Polaroid’ removed, 
but with equal brightness. These tests, given without 
reward or shock, were inserted between normal 
training trials at regular intervals. Considering the 
proportion of attacks to non-attacks in each group 
there was no significant difference between groups 
A and P :,* = 2-3) or between groups C and D (y? = 
0-10). ‘Ths shows that unpolarized light was associ- 
ated with neither ~, «+, 4 nor \Y. The simplest 
hypothesis is therefore disproved, and it would 


appear that the retina must contain polarizing 
receptors with at least two characteristic direc- 
tions. 


One possibility is that the receptors have only two 
characteristic directions. This may be connected 
with the fact that the retinula cells lie approximately 
in horizontal and vertical planes (see article 1). 
But if the characteristic directions were to lie exactly 
in these horizontal and vertical planes, the correspond- 
ing receptor cells would be unable to distinguish 7 
from *,, as the component of the electric vector in 
the characteristic direction would be the same in both 
cases. One way of explaining how the discrimination 
of the obliques is possible would be to assume that 
the axes of the rectangular array are either tilted or 
at less than 90°; then the relatively poor discrimina- 
tion of 7 and \ might imply that these distortions 
would be only slight. 

The other possibility is that there are receptors 
with more than two characteristic directions. The 
receptors responsible for discriminating 7 from 
might be identified with those retinula cells that 
deviate from the strict horizontal—vertical array. 
However, it is always possible that there might be 
no fixed relation between the characteristic direction 
of the receptors and the orientation of the retinula 
cells. 
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(3) Theories of Shape Discrimination in 
Octopus 


By Dr. N. S. SUTHERLAND 


Institute of Experimenta! Psychology, University of 
Oxford 


HIS article attempts to summarize the results and 

theoretical implications of a continuing series of 
experimental studies of shape discrimination in 
Octopus vulgaris Lamarck. The purpose of these 
experiments is: (1) To discover what are the proper- 
ties in terms of which shapes are classified by the 
octopus’s brain, and (2) thus to provide evidence to 
assist in unravelling the neural arrangement in the 
octopus brain which analyses the relevant properties. 
Since a property is usually thought of as being either 
present or absent, whereas shapes resemble one 
another for a given species to a greater or lesser degree, 
it is more accurate to talk of the dimension along 
which shapes are analysed. This word will be used in 
what follows, and its meaning will be made clear by 
examples. Discovering what are the relevant dimen- 
sions may be regarded as a first step towards uncover- 
ing the neural mechanisms at work : final verification 
of the existence of a given neural mechanism would, 
of course, depend upon corroboration from neuro- 
anatomical and neurophysiological studies of brain 
structure and functioning in Octopus. 

Two main behavioural methods have been used to 
provide the data: (a) Animals are trained to dis- 
criminate between different pairs of shapes, that is, 
they are trained to attack one member of a pair and 
not to attack the other. If they discriminate more 
readily between one pair of shapes than between 
another, it can be assumed that the former pair 
exhibits a larger difference on a dimension discrimin- 
ated than the latter. (6) After such training, animals 
are shown new shapes (transfer shapes), and accord- 
ing to whether they treat these in the same way as 
the shape they were originally trained to attack, 
or in the same way as the shape they were originally 
trained not to attack, it is possible to scale the 
transfer shapes in degree of similarity to one or other 
of the original training shapes. Transfer shapes can 
then be examined, and a dimension sought such 
that the position of each shape on that dimension 
predicts the extent to which each shape is treated 
as like the original positive or the original negative. 
Examples of such dimensions are absolute vertical 
extent of a shape, vertical extent relative to area, 
ratio of vertical to horizontal extent, contour relative 
to area, number of re-entrants : all these dimensions 
except the last are continuous. 

Two complications need to be mentioned: (a) It 
has been discovered! that octopuses have preferences 
for shapes moving along their long axes and for shapes 
moving in the direction of their points. Where such 
shapes are used, care is necessary in interpreting the 
data since both performance on the initial discrimina- 
tion and performance on transfer tests are affected 
by pre-existing preferences. (6) It is probable that 
the octopus can analyse shapes along more than one 
dimension : this makes the interpretation of results 
much more difficult since in general any change in a 
shape introduces changes along several different 
dimensions. 

I put forward? a simple mechanism intended 
to interpret early findings, and to serve as 34 
guide for further research by providing hypotheses 
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for testing. The major purpose of the present article 
is to examine the original theory in the light of 
subsequent findings and to indicate current cruxes 
in the interpretation of the data. The initial findings 
could, of course, be explained by hypotheses other 
than that put forward by me: in subsequent 
experiments some alternative hypotheses have been 
deliberately tested. Two such alternative hypotheses 
have now been published by other authors*.*, and it 
will be shown that in the light of further data these 
hypotheses are not tenable. The three theories will 
first be stated, and then examined in the light of the 
evidence. It is impossible to summarize all the 
evidence here: detailed accounts will be found in 
papers already published and in further papers forth- 
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Statement of Theories 


(A) Vertical and Horizontal Extents. I suggested? 
that two of the dimensions along which octopuses 
analyse shape are those of horizontal and vertical 
extents. A simple neurological mechanism was 
proposed which counts horizontal extents of a shape 
at each point on the vertical axis, and vertical 
extents at each point on the horizontal axis. This 
converts each shape into its horizontal projection and 
its vertical projection : such projections are shown in 
Fig. 1. It is suggested that further analysis proceeds 
in two ways: (a) The ratios maximum horizontal 
extent to square root of area, and maximum vertical 
extent to square root of area are computed. (b) The 
two projections obtained may be differentiated so 
that they are analysed in terms of the direction and 
size of changes’. This means that octopuses will be 
able to discriminate between shapes which yield a 
different distribution of vertical extent along the 
horizontal axis, or a different distribution of horizontal 
extent along the vertical axis. It must be emphasized 
that the theory is incomplete at this point in that no 
attempt has been made to specify exactly how such 
differences in distribution are analysed. This point 
will be referred to again below. It is further hypothe- 
sized that behaviour is more readily controlled by 
differences in the horizontal projections than by 
differences in the vertical projections, possibly because 
horizontal projections of shapes are more accurately 
represented in the nervous system. Therefore the 
discriminability of shapes will be more determined 
by the similarity of their horizontal projections than 
the similarity of their vertical projections. In general 
the theory makes three types of prediction: (1) 
Shapes having large differences in relative horizontal 
or vertical extents will be more readily discriminable 
than shapes having small differences. (2) Shapes 
which have the same horizontal projections as one 
another and the same vertical projections will be in- 
discriminable. (3) Shapes differing only in their hori- 
zontal projections will be more readily discriminable 
than shapes differing only in their vertical projections. 
(B) Vertical Extents between Contours. Deutsch?® 
has proposed a modification of the above theory. 
He suggests that octopuses count distances between 
contours in the vertical direction at all points along 
the horizontal axis. The count is made in such a way 
that the reciprocal of the distance between contours 
is taken. All shapes are then scaleable on a single 
dimension : shapes with small distances in the vertical 
direction between contours (for example, horizontal 
ectangles) will be high on this dimension ; shapes 
with large distances between contours in the vertical 
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direction (for example, vertical rectangles) will be 
low on this dimension. Where a shape contains 
contours not running in horizontal or vertical direc- 
tions, it will tend to be high on this dimension since 
as the contours approach one another the reciprocal 
of the distance between them will become very large, 
approaching infinity where they intersect (for 
example, this will occur at the two basal angles of an 
isosceles triangle with base horizontal). To prevent 
obtaining the number infinity from such shapes, 
it would be necessary to specify some small vertical 
distance between contours within which no count is 
made: otherwise the position on this dimension of 
shapes with contours running in directions other than 
vertical and horizontal cannot be computed. On 
general grounds this theory is rather implausible, 
since it is possible to find a horizontal or vertical 





cde 1S ahi Intnl SE Ome dea 


— 





= EM Ber te ape 





sR 


Bar 


Sb PRT ING HI NO peat Pt“ 


riateiAdeeteok oO 


, PF 


te Se 


Nt 


— 
= 


[sina euler ath Lament a ad os ata ee ee 






atte te 


be POO Be Pm My oP 
















842 


rectangle which is at the same point on this dimension 
as any other shape however complex: it would be 
difficult to test this prediction, but it seems most 
unlikely to be correct. (I am indebted to Mr. Sime of 
this laboratory for this point.) 

(C) Direction of Contours. Dodwell* proposed that 
animals might discriminate between shapes by 
analysing the direction of their contours with reference 
to horizontal or vertical. For example, a large 
response might be given in the nervous system to a 
horizontal contour and zero response to a vertical 
with intermediate responses to contours running in 
intermediate directions. Such an analysis would 
confuse contours running at, for example, 45° and 
135° to the horizontal since both are midway between 
horizontal and vertical. The theory could be supple- 
mented by assuming that such a count of contour 
direction was made separately at each point on the 
vertical or horizontal axis. 


Evaluation in Relation to Experiment 


(1) Early findings showed that vertical and hori- 
zontal rectangles are very readily discriminable by 
octopuses, whereas two oblique rectangles in opposite 
45° rotations from the horizontal are either indis- 
criminable or discriminable only with extreme diffi- 
culty*. Theories A and B explain this because vertical 
and horizontal rectangles have large differences in 
horizontal and vertical extents whereas opposite 
obliques have none; C explains it on the grounds 


that a horizontal rectangle has much horizontal 
contour whereas a vertical has little, while two 


oblique rectangles have the same arnount of oblique 
contour as one another. 

(2) The pairs, horizontal and oblique rectangle, 
and vertical and oblique are both discriminable but 
not as readily as a vertical and horizontal rectangle’. 
This is predicted by the same sort of reasoning by all 
three theories. It should be noted that Deutsch’s 
theory (B) predicts very poor discrimination between 
horizontal and oblique since at its extreme left and 
right sides an oblique has contours approaching one 
another at a angle of 45° to the horizontal, thus 
giving very small distances between contours, and 
therefore when reciprocals are taken placing it high 
on the dimension analysed: a horizontal rectangle 
is also high on this dimension. Such poor discrimina- 
tion was not found, and the difference in performance 
between animals discriminating vertical and oblique 
and horizontal and oblique is due to a pre-existing 
preference for the vertical when moved vertically. 

(3) Animals trained to discriminate between a 
horizontal and oblique treat a vertical rectangle as an 
oblique, and vice versa’. This emphasizes that we 
are dealing with dimensions rather than properties : 
on the dimension of ‘horizontality’ a vertical rectangle 
differs from a horizontal in the same direction as an 
oblique (that is, it is less ‘horizontal’) but it differs 
to a larger extent. 

(4) Animals trained to discriminate between 
vertical and horizontal rectangles treat the broken 
vertical rectangle shown in Fig. la as a vertical 
rectangle*. This is predicted by A, since the heights 
of the horizontal and vertical projections are little 
changed. B, however, predicts that the broken 
vertical rectangle will be treated as a horizontal since 
if the reciprocals of distances between contours are 
counted in the vertical direction, it will yield a large 
count like the original horizontal rectangle. C also 
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(0) 
Fig. 2 


predicts that this shape should be treated as a 
horizontal rectangle, not a vertical. Thus this result 
supports A, but is evidence against both B and C. 

(5) All theories predict that animals should dis- 
criminate better between a square with base horizon- 
tal and a triangle than between a triangle and a 
diamond : this prediction was confirmed’. 

(6) Animals discriminate equally well between the 
following six pairs of shapes: a square (with base 
horizontal) versus a vertical, horizontal or oblique 
rectangle ; and a diamond versus a vertical, horizontal 
and oblique rectangle’. This is predicted by 4A, 
since for all 6 pairs of shapes the difference between 
amount of vertical extent and between amount of 
horizontal extent for opposite members of a pair is 
about the same. It is not clear what theory B 
predicts since some shapes have contours running at 
right angles to horizontal and vertical axes and some 
at 45°: as pointed out above it is not possible to say 
where shapes of the latter kind (that is, diamonds and 
oblique rectangles) will lie on the dimension under 
analysis, since at their left and right corners the 
vertical distance between contours approaches con- 
tinuously to zero thus making these shapes infinite 
on this dimension. 

The experiment was performed mainly to test a 
differential prediction between A and C, since C 
must predict that an oblique rectangle and a diamond 
will be impossible to discriminate: Fig. 2a illustrates 
how this prediction is made. It will be seen that the 
diamond and oblique rectangle have two oblique 
contours at all points on the horizontal axis. The 


contours are identical between points W and X, 
and Y and Z; between X and Y they differ only 
in that one of the contours of the diamond is rotated 
through 180°. 


However, since all contours are mid- 
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way between the vertical and horizontal they should 
still be indiscriminable. Since this constitutes a 
crucial test of C, this theory will not be discussed in 
detail in what follows. 

(7) When an animal has been trained to discrimin- 
ate between a square and a vertical rectangle, it 
tends to treat a horizontal rectangle as a square (and 
a vertical as a square if initial training was between 
a horizontal rectangle and a square)'*. In terms of 
the way in which human beings classify shapes this 
was a surprising finding, but it was predicted by 
A, since on the dimension under analysis a vertical 
rectangle differs from a horizontal in the same direc- 
tion as a square but to a greater degree. 

(8) A and B both predict that shapes 6b and c in 
Fig. 1 should be indiscriminable: a glance at the 
projections of these shapes will show that they are 
the same and therefore should be indiscriminable on 
A. Since they have the same vertical distance 
between contours at all points on the horizontal 
axis they will also be indiscriminable on B. It was 
found'* that shapes 6 and c were in fact barely dis- 
criminable whereas c and d were more readily dis- 
criminable. Also after training with c and d, b was 
treated as like c. In addition c and e were found to be 
indiscriminable, which again is predicted by A and B 
(cf. the projections in Fig. 1). This experiment thus 
yields some support for A and B; the reason why 
some discrimination between 6 and c occurred will be 
considered below. 

(9) Deutsch rightly points out that B predicts 
perfect transfer to smaller and larger figures where 
shapes have contours running in the vertical and 
horizontal planes : for example, if we halve the linear 
dimensions of a vertical rectangle we halve the length 
of contour running in the horizontal plane, but we 
double the reciprocal of the vertical distance between 
the two horizontal contours, and thus the smaller 
shape occupies the same position on the dimension 
analysed as the larger. However, by changing the 
size of figures with oblique interior angles, we alter 
their position on this dimension. This is illustrated 
in Fig. 2b. The cross-hatched portions of the large 
triangle are equivalent to the whole of the small 
triangle: but the reciprocals of distances between 
contours in the vertical direction in the unshaded 
central portion of the large triangle must be added, 
so that the large triangle will be higher on this 
dimension than the smaller. Thus the theory predicts 
good transfer to different-sized rectangles, but poor 
transfer to different-sized triangles. These predictions 
are not confirmed : there is diminished transfer to all 
figures including vertical and horizontal rectangles and 
squares when the area of the figures is reduced by a 
quarter®,!°. There is usually better transfer to larger 
figures, than to smaller, though even this transfer is 
sometimes less than complete. The results of transfer 
tests to different-sized figures thus constitute a direct 
refutation of one of the most interesting predictions 
made by B. 

The reduced transfer found to small shapes cannot 
be directly explained on any current theory: the 
most likely explanation is that as the size of the 
figure is reduced the relative importance of noise in 
the neural analysing mechanisms may increase, thus 
giving less-precise representations for such figures. 

(10) Up—down mirror image shapes are more readily 
discriminable than right—left mirror image shapes 

(for example, shapes f and g in Fig. 1 are more readily 
discriminable from one another than are shapes / 
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and 7)". B cannot account for any discrimination 
between mirror image shapes of this sort since they 
fall on the same point as one another on the dimension 
under analysis. In terms of A the greater ease of 
discrimination of up-down mirror image shapes than 
of right—-left must mean that behaviour is more 
accurately controlled by differences in the horizontal 
projection (on which up-down mirrow images differ ; 
see Fig. 1) than by differences in the vertical projec- 
tion: this does not confirm the theory since this 
experiment was run in order to discover whether 
the horizontal or vertical projection was more impor- 
tant. However, once the theory is modified in this 
way it yields some interesting further predictions. 

(11) One such prediction is that horizontal rect- 
angles of different lengths will be more readily dis- 
criminable than vertical rectangles of different lengths 
(this follows because horizontal extent is more accur- 
ately analysed than vertical extent). This prediction 
was strikingly confirmed'*. (B predicts equal dis- 
criminability.) 

(12) A further prediction of the same sort can be 
made about the two pairs of shapes shown in Fig. 1, 
j, k and 1, m. Since the former pair differs only in 
vertical projections while the latter pair differs only 
in horizontal projections, the former pair should be 
less readily discriminable than the latter. This 
prediction was not confirmed : both pairs were equally 
discriminable'*. A further experiment was conducted 
with two other pairs of shapes (n, 0 and p, q), one of 
which differed only in vertical projections, the other 
only in horizontal projections : again neither pair was 
made up of mirror-image shapes. These two pairs 
were also found to be of equal discriminability'*. Thus 
in both cases A yields a false prediction. It should 
be noted that in these tests, theory B fares even worse 
than A: not only does it predict better discrimin- 
ability for the pairs 1, m and p, q than for j, k and 
n, 0, it also makes the further prediction that the 
latter two pairs should be completely indiscriminable, 
whereas in fact all four pairs are readily discriminated. 
Pairs j, k and n, o should be indiscriminable on theory 
B because the two members of each pair have exactly 
the same total vertical distances between contours, as 
will be clear from inspection of these shapes in Fig. 1. 
The reason why these pairs of shapes were in fact 
readily discriminable although theory A_ predicts 
poor discriminability and theory B none will be 
considered below. 

In summary, theory A has yielded consistently 
correct predictions with the exception of (8) (it 
predicts no discrimination between shapes 6 and c 
whereas slight discrimination was found) and (12) 
above. Theory B in no instance yields a correct 
prediction where A fails; in several instances it 
yields incorrect predictions where A succeeds (4, 9, 
10, 11), and in one instance it makes no prediction (6). 
Theory C yields incorrect predictions throughout with 
the exception of some of the initial findings. Some 
slight additional confirmation for A has been forth- 
coming from Young’s work on the neuroanatomy 
of the optic lobe of octopuses (article 1): there is 
some evidence that the dendritic fields of pick-up 
fibres from the input to the optic lobe are orientated 
primarily in planes corresponding to the visual 
horizontal and vertical axes. Moreover, there appear 
to be more fields orientated in the horizontal than in 
the vertical axis: this would be expected on the 
theory if the function of these cells was to compute 
horizontal and vertical extents. 
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Further Discussion 


Because of the large number of correct predictions 
which it has yielded, it seems likely that A is at least 
along the right lines: it may therefore be worth 
while appending a brief discussion of some of the 
current cruxes in the theory. 

(1) The major crux arises from the incorrect pre- 
dictions set out under (8) and (12) in the previous 
section. The pairs of shapes involved differ from 
other pairs used in one important respect: the 
members of each pair differ from one another in the 
total amount of contour present in each shape. The 
findings could be interpreted if a second analysing 
mechanism were present in the octopus which com- 
puted the total contour of a shape relative to its area 
or to the square root of its area. Very extensive 
transfer tests have been run with some of the shapes 
involved, and the results give some confirmation to 
this hypothesis!’,"*. 

(2) It will be noticed that no attempt has been 
made to specify how the mechanism which differen- 
tiates changes in the projection operates : some such 
operation as this is necessary to account for findings 
on mirror image shapes and on squares and circles, 
squares and triangles, and circles and triangles®.’*. 
More experimental work is necessary before a fuller 
specification can be made. 

(3) A further crux is that although most of the 
results are best fitted by assuming that animals 
analyse shapes in terms of the ratio, vertical extent to 
square root of area, there is evidence that in some 
eases absolute extent is important as well. Thus in 
transfer tests run after animals had learned to 
discriminate between horizontal rectangles of different 
lengths and vertical rectangles of different lengths it 
was found that animals had been discriminating both 
in terms of absolute length and in terms of length 
relative to area’*. This was established by showing 
that after the initial discrimination had been learned, 
animals showed no transfer where these two proper- 
ties were pitted against one another; for example, 
if a rectangle was shown which was the same absolute 
length as the original long one but the same ratio of 
length to square root of area as the original short one, 
there was transfer from neither of the original 
rectangles. This can be reconciled with previous 
findings if it is supposed that octopuses are capable 
of analysing both features of shapes (that is, absolute 
and relative horizontal and vertical extents) but that 
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behaviour is finally controlled by whichever feature 
gives the biggest difference between the shapes they 
are asked to discriminate. In previous experiments 
relative horizontal extent had given a bigger difference 
between the shapes to be discriminated than absolute 
horizontal extent (for example, the difference for a 
horizontal and vertical rectangle with sides in the 
proportion of 5:1 is in the ratio 25:1 for relative 
extent, 5:1 for absolute extent, whereas with the 
rectangles of different lengths used in the experiment 
under discussion the difference was in the ratio 
2:1 for both features). 

Further experimental work is being directed to the 
resolution of these three issues. It will be seen that as 
a theory A has proved its usefulness as a guide for the 
collection of systematic data. Although probably 
on the right lines, the theory may have to be modified 
in the light of subsequent neuroanatomical findings. 
A further method of approach to the problem of shape 
discrimination is also being explored: systematic 
data on other species are being collected, and an 
attempt is being made to correlate species differences 
in shape discrimination with differences in neural 
arrangements. In dealing with the central nervous 
system, this is a promising and previously little-used 
method for pinpointing the behavioural function 
mediated by a given neuroanatomical arrange- 
ment. 

This article was written as part of a project on 
“Stimulus Analysing Mechanisms’’: the project is 
financed jointly by the Nuffield Foundation and by 
the American Office of Naval Research (Contract 
N62558-2453). I am greatly indebted to Prof. J. Z. 
Young for extensive discussion of the problems con- 
sidered in this article. 
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NEW LABORATORIES AT THE UNIVERSITY OF LIVERPOOL 


Chadwick Laboratory 


HE Chadwick Laboratory, named after Sir 

James Chadwick, Lyon Jones professor of 
physics in the University of Liverpool during 1935— 
48, was opened to visitors for the first time on 
April 29 and 30. This Laboratory replaces the 
George Holt Physics Laboratory, which was opened 
in 1904 (ref. 1). It has an area of 87,923 sq. ft. 


and capacity of 1,318,000 cu. ft., and was designed 
for the teaching of experimental and theoretical 
physics to undergraduate students, for research in 
nuclear physics and acoustics, and for postgraduate 


teaching and research in theoretical physics. The 
site conditions were such that the most economical 
plan was to provide piling through to the rock, 
beneath a bed of pre-glacial peat, for the erection of 
a framed tower structure at the south end, shown in 
Fig. 1, with light foundation over the rest of the area 
for a single-storey structure comprising teaching and 
research laboratories, and three lecture theatres, one 
of which can be seen on the extreme right of Fig. |. 
The lecture theatres are cantilevered outward from 
a central service area, a large one on one side, 
balanced by a medium and a small one on the other, 
accommodating about 300, 150 and 100 students, 
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Fig. 1. The Chadwick Laboratory seen from Chatham Street, Liverpool. On the far right 


the cantilevered lecture theatres 


respectively. Artificial illumination and ventilation 
are used in all three theatres, which have acoustic 
ceilings and timber-lined walls. 

The students’ entrance hall, between the theatres 
and the teaching laboratories, is glass-walled and is 
approached on each side from the street-level by 
ramps. The most striking feature of the hall is the 
mural decoration designed by Geoffrey Clarke. 

The six large teaching laboratories, separated by 
four smaller ones, ere constructed in load-bearing 
brickwork. The ceilings are supported on 40-ft. steel 
lattice beams placed at 10-ft. intervals. The large 
laboratories will each accommodate on average about 
sixty students, and each of the smaller ones about 
twenty-five. 

Similar in style to the group of large teaching 
laboratories opening off the main corridor is the 
departmental library. It will accommodate seventy 
readers and about 5,000 books. 

A duct beneath the main corridor connecting the 
lecture theatre block to the tower carries all the 
services for the building. 

Between the south end of the main corridor and 
the tower lies the research area, the east side of 
which is shown in Fig. 1. The research laboratories 
ire mainly of reinforced concrete with columns and 
deep upstand beams at 20-ft. centres. The outer 
walls are in grey-brown brickwork with purple brick 
plinths. Eight rooms, each of approximately 400 
sq. ft., are used as preparation rooms for nuclear 
research, which is carried out in the Nuclear Physics 
Research Laboratory in Mount Pleasant, some 400 
yards away. In the preparation rooms, research 


groups construct, test and develop apparatus to be 
used with the 156-in. synchrocyelotron, which has 
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already been described*, the 37-in. 
cyclotron, the Cockcroft—Walton 
high-tension set and the 10-in. 
diameter liquid-hydrogen bubble 
chamber, as well as the design and 
development of a 60-in. bubble 
chamber for use in the Ruther- 
ford Laboratory at Harwell and 
in the CERN Laboratory §at 
Geneva. 

Beta-ray spectroscopy is carried 


approximately 800 sq. ft. in area, 
with a small adjoining room for 
motor generators. One half of the 
floor, which is of black quarry tile, 
is reinforced to take a 7-ton mag- 
net. The other half is free from 
iron so that accurate magnetic 
field-strength measurements may 
be made. 

The Sub-Department of Acous- 
tics occupies the rest of the re- 
search block, which includes, be- 
sides a general laboratory of area 
1,600 sq. ft., a large anechoic room, 
a reverberation room, a suite of 
three transmission rooms and two 
common control rooms. Facilities 
are available for work on the 
propagation of acoustic waves in 
materials, on aerodynamic sources 
of sound, on electro-acoustic de- 
vices and on communication acous- 
tics, including room and building 
acoustics. 

A modern workshop and a well-equipped glass- 
blowing room serve the requirements of most of the 
teaching and research carried out in the Laboratory. 
The glass-blowing room has floor heating and a 
means of obtaining diffuse daylight when required. 
The transfer of heavy equipment in and out of the 
building is facilitated by the use of three sliding 
doors opening from the spectrometer room, the work- 
shop and the acoustic block at street-level. That 
serving the latter may be seen with its loading 
gantry in Fig. 1. 

The 110-ft. tower is a reinforced concrete structure 
with beamless slabs for each floor supported on 
twelve columns at 20-ft. centres. The wall cladding 
is in the form of 5-ft. square pre-cast panels faced in 
glass mosaic. The eight storeys of this block are 
accessible by means of two lifts and stairs. The 
first five stories are devoted to experimental physics 
and house two large laboratories for the teaching of 
practical physics to honours students, a reading and 
writing room, a staff common room, research rooms, 
administrative and staff offices. 

The Department of Theoretical Physics occupies 
the sixth, seventh and eighth floors of this block. 
The Department concerns itself principally with post- 
graduate teaching and research; the only research 
facilities required are books and journals, and these 
are provided by an up-to-date library on the sixth 
floor. Discussions and seminars are held in the 
discussion room on the seventh floor. 

Projecting above the roof-level of the tower are a 
small observatory and a penthouse containing services. 
On the observatory is housed a 4}-in. refractor astro- 
nomical telescope with an equatorial mounting. The 
dome is moulded in fibre glass and weighs only 3 ewt. 
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The part of the site outside the tower has not been 
completed, owing to the construction of a separate 
building to house a 12-million volt tandem Van de 
Graaff machine. When completed there will be a 
paved courtyard with an ornamental pool in which 
there will be erected a sculpture of abstract com- 
position by Hubert Dalwood. This sculpture has 
already been executed and is now placed on a tem- 
porary pedestal at the south end of the Laboratory. 

The planning of the Chadwick Laboratory was 
directed by the late Prof. H. W. B. Skinner and Mr. 
A. M. Hudson Davies, the chairman of the Building 
Committee. 


* Vature, 71, 63 (1904-5). 
Moore, M. J., Nature, 175, 1012 (1955). 


Civil Engineering and Building Science 
Laboratories 


A project for the provision of adequate labor- 
atories for the Department of Civil Engineering in 
the University of Liverpool was frustrated by the 
outbreak of the Second World War, and during the 
post-war period the Department had to be accom- 
modated in an old building, originally built for quite 
a different purpose, until such time as new laboratories 
could be provided. It is therefore pleasing to note 
that this has now been achieved and that the 
inauguration of a new building housing the Depart- 
ments of Civil Engineering and Building Science was 
marked during April 29-30 by a series of functions 
in the University, which was also associated with the 
opening of the Chadwick Laboratory for the Depart- 
ment of Physics. 

The building for civil engineering was designed by 
Mr. E. Maxwell Fry, and erected by Holland and 
Hannen and Cubitts (North West), Ltd. It has a 
total area of 50,275 sq. ft., of which only about 





Fig. 1. Civil Engineering and Building Science Laboratories at Liverpool 
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15 per cent is given over to circulation space. Con- 
struction commenced on June 1, 1958, and the 
building was occupied on October 1, 1959; the total 
cost was £253,144. 

The main part of the building is an eight-storey 
block, roughly T-shaped (Fig. 1). This is flanked 
by a single-storey building containing the Struc- 
tures Laboratory. From the outside, the most 
striking feature of the building is a panel some 60 ft. 
in height which carries in huge concrete letters a 
selection of names well known to engineering his- 
torians, ranging in time from Archimedes to Parsons, 
and in achievement from Leonardo to Bessemer. 
The entrance hall gives a pleasing impression of space, 
resulting partly from a large observation window 
looking into the Structures Laboratory. The entrance 
hall has now been further enlivened by a mural in 
ceramic tiles by Mr. Peter Lanyon. 

The largest laboratory in the building, measuring 
about 100 ft. x 40 ft., is devoted to structural testing. 
The laboratory is being equipped with a variety of 
frames for tests on struts, beams, slabs and other 
elements. A system of steel beams is to be laid on the 
floor to provide a foundation for test rigs. Facilities 
for pulsating load tests will eventually be a special 
feature of the laboratory ; a wide variety of equip- 
ment for static and dynamic strain measurement is 
already available. The <‘oncrete Laboratory is 
adjacent to the Structures Laboratory and is equipped 
with plant for mixing, placing, vibrating and curing 
concrete and for tests on this material. Aggregate is 
stored in a series of bunkers filled from outside the 
building, and there is provision for screening and 
drying material used for test purposes. 

The Hydraulics Laboratory, also on the ground- 
floor, has a long section which accommodates a 
tilting channel 48 ft. in length and a more square 
area for other hydraulic model work. At present 
a model of Milford Haven is being constructed for the 
study of a tidal barrage project, intended to provide 
freshwater storage for the future 
needs of that port. A workshop is 
situated between the Hydraulics 
and Structures Laboratories and 
provides facilities for the con- 
struction and maintenance of ap- 
paratus and the preparation of test 
specimens of all kinds. 

Other laboratories are located on 
various floors in the main part of the 
building and include laboratories 
for photoelasticity, soil mechanics, 
road engineering, model analysis 
and municipal engineering. In 
addition to these rooms there are 
lecture rooms, drawing offices and 
other accommodation in the build- 
ing sufficient for an eventual ex- 
pansion to final-year classes of 
sixty students in civil engineering 
and for a complement of about 
twelve research students. 

The Department of Building 
Science, which shares the new build- 
ing, was established in 1957 to pro 
mote the scientific study of problems 
arising in the design, construction 
and use of buildings. Laboratories 
for the study of building materials 
and physics of environment ar¢ 
located on the fifth floor. Thes 
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laboratories are well equipped for teaching and re- 
search work in their respective spheres. There is also 
on this floor a general research laboratory, a study 
room for research students, a small workshop and a 
number of staff offices. Although the Lighting Lab- 
oratory belonging to the Department is located in 
another building, there is a photometric room on the 
ground floor of this new building which is used for 
the calibration of photo-cells and other equipment 
used in lighting studies. 

An exposure site for studying the weathering of 
building materials in a polluted industrial atmosphere 
is being established on the roof, together with 
instruments for the measurement of meteorological 
parameters—such as wind, rainfall and radiation— 
and of atmospheric pollutants. These measurements 
are, of course, essential for the proper evaluation of 
the results of weathering tests, and it is intended to 
obtain continuous records by using suitable recording 
apparatus. 
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The Concrete Laboratory, previously referred to, 
is operated jointly by the Departments of Building 
Science and Civil Engineering, and facilities are avail- 
able for the study of building structures in the main 
Structures Laboratory. Funds have been provided 
for the construction of a low-speed wind tunnel for 
studying the wind-flow around buildings in relation 
to structural, heating and ventilation problems. A 
controlled-environment room is also to be installed 
for the study of temperature, radiation and air move- 
ment patterns in rooms heated or cooled in various 
ways. 

This new Civil Engineering Building represents the 
first phase in the building programme for the Faculty 
of Engineering of the University of Liverpool. New 
buildings are also projected for other departments in 
the Faculty during the next few years; their con- 
struction will permit the University to make its 
contribution towards meeting the national need for 
a greatly increased number of graduates in engineering. 


OBITUARIES 


Dr. Agnes Arber, F.R.S. 


Dr. AGNES ARBER, one of the world’s most erudite 
and distinguished plant morphologists, died in Cam- 
bridge on March 22. Her contributions to botany 
were not only original observations of the structure 
and development of the higher plants, with general- 
izations based on these observations and contributions 
to the philosophy of biology, but also studies of 
outstanding interest in the history of the science. 

She was born in 1879, the eldest child of H. R. 
Robertson, an artist, from whom she inherited the 
ability shown in the many illustrations drawn for her 
books and papers. She was educated at the North 
London Collegiate School, at University College, 
London, and at Newnham College, Cambridge. In 
London her work was much influenced by F. W. 
Oliver and A. G. Tansley ; at Cambridge she came 
under the spell of William Bateson. Leaving Newn- 
ham, she worked as research assistant to Miss Ethel 
Sargant in her private laboratory at Reigate, and 
later became Quain Student in Biology at University 
College (1903-8) and lecturer in botany during 
1908-9. 

In 1909 she married Dr. E. A. Newell Arber, 
demonstrator in palzeobotany in the University of 
Cambridge, author of many papers and books on 
fossil plants. From him she obtained both encour- 
agement and training in botanical research. They 
had one daughter ; her husband died in 1918. During 
1910-27 she carried on her studies in the old Balfour 
Laboratory, which then belonged to Newnham 
College, and afterwards continued in a small room, 
fitted up as a laboratory, in her private house. 

Working very assiduously, her observations covered 
. wide field ; but the monocotyledonous plants were 
her special interest. The results of her studies were 
published in more than fifty papers and some books 
of outstanding merit. “Water Plants, a Study of 
\quatie Angiosperms’’ (1920), ‘Monocotyledons”’ 

1925), ‘““The Gramineae”’ (1934), all published by the 
Cambridge University Press, are models of their kind 
both for the many beautiful line drawings with which 
they are illustrated, and for their admirable biblio- 


graphies. Plant morphology, from its inception by 
Goethe, has been intimately bound up with philosophy 
and metaphysics ; but in the present century it has 
become mainly a study of plant phylogeny. From 
1929, Mrs. Arber became increasingly interested in 
philosophy, and in the more general ideas which have 
arisen from the study of plant form since the time 
of Aristotle. From her studies of the literature and 
her wide knowledge of the facts, she produced one 
of the most important botanical books of the present 
century, “The Natural Philosophy of Plant Form”’ 
(1950). In this work she gave an account of the 
history of the ideas about plant form which have 
occupied men’s thoughts since classical times, she 
explained how the modern confusion of thought had 
arisen between the older typological outlook on plant 
form and the modern evolutionary mode of thought. 
So long as the study of form and structure remains 
as part of the education of a botanist, this book 
should remain as an indispensable introduction to 
such a study. 

Her last books were devoted mainly to philosophy, 
“The Mind and the Eye’ (1954) examines the 
relationship between the eye that sees and the mind 
that weighs and pronounces. It is a book which was 
badly needed, especially by biologists who had no 
philosophical training, and it probably reveals the 
stages in the author’s own mental development. 
“The Manifold and the One” (1957) was a purely 
philosophical essay, reflecting the depth and maturity 
of her mind and the outcome of quiet contemplation. 

By many, Dr. Arber will be remembered for her 
first book, ‘Herbals, their Origin and Evolution” 
(1912; second edition 1938), a charming and fas- 
cinating book, abundantly illustrated, about the early 
history of study of plants and the men who worked 
at it. 

When still young she became well known for the 
excellence of her work, and was elected a Fellow of 
the Linnean Society of London in 1908, two years 
after the time when women were first admitted to 
that Society. She held at different times a Research 
Fellowship at Newnham College, a Fellowship and a 
Studentship at University College, London, and a 
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Leverhulme Research Fellowship. In 1946 she was 
elected to the Royal Society, and in 1948 received 
the Linnean Gold Medal from the Linnean Society. 
Abroad the recognition of her work was shown by 
her appointment as Corresponding Member of the 
Botanical Society of America. 

H. HamsHaw THOMAS 


Dr. Donald J. Hughes 


It was with sadness and consternation that his 
many friends learned that Don Hughes had died on 
April 12 through heart failure at the age of forty-five 
years. 

Hughes’s research activity began with cosmic-ray 
studies in the University of Chicago under Prof. 
A. H. Compton, followed by an expedition to the 
Andes, where the change of the slow-meson com- 
ponent with altitude was studied. When war broke 
out, Hughes joined first the National Ordnance 
Laboratory and later the Metallurgical Project, 
assisting in the provision of data relevant to the 
atomic bomb. 

After the War, Hughes joined the Argonne National 
Laboratory as director of the Nuclear Physics 
Division, and in 1949 accepted a position as senior 
physicist at the Brookhaven National Laboratory, 
which he held until his death. At these Government 
Laboratories he carried out the research in low-energy 
neutron physics which made him internationally 
famous. Hughes’s activities in this field fell into 
three sections: neutron optics, neutron interaction 
with crystal lattices and liquids, and nuclear 
physics. 

The work with neutron beams from the local 
reactors yielded three important results. A study of 
the total reflexion of a neutron beam by a magnetized 
cobalt mirror gave two critical angles demonstrating 
the spin 4 of the neutron. Measurements of the 
angular dependence of intensity agreed with the idea 
that ‘Ampére currents’ are responsible for the 
effective magnetic field of ferromagnets and not 
dipole-dipole interactions. Next, a compensation 
method applied to reflexion measurements by various 
liquid hydrocarbons allowed Hughes to obtain the 
coherent cross-section of the proton with great 
precision. This quantity in conjunction with other 
data is needed to support our belief that the nuclear 
interaction of the proton—proton and neutron—proton 
are the same. A siight modification of the same 
method yielded the basic neutron-electron inter- 
action with better accuracy than obtained pre- 
viously. 

In the solid state field, Hughes was able, by a 
time-of-flight method, to obtain from scattering 
experiments with ‘cold’ neutrons the energy transfer 
from the lattice to the neutrons. This information 
permitted a determination in the case of vanadium 
with the help of formule due to Van Hove, of 
the frequency spectrum of the lattice. His last 
paper concerned the energy interchange of neu- 
trons with water, showing the existence of dis- 

crete levels due to hindered rotation of the water 
molecule in the field of its neighbours, an inter- 
pretation which was supported by Raman spectrum 
observations. Both examples mentioned open up 
wide new fields of studies of the condensed 
state. 

Hughes’s activities in nuclear physics were mani- 
fold. Cross-sections were measured with a chopper 
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or crystal spectrometer, methods invented for the 
rapid evaluation of resonance parameters, neutron- 
strength functions and nuclear radii determined and 
the results compared with the predictions made by 
theoreticians. Some of the work, such as with fissile 
nuclei, was required for reactor calculations, some 
was due to scientific questions which had to be 
settled. 

In all his experiments, Hughes showed a gift for 
obtaining, with comparatively simple means, novel 
and reliable results. He had the insight to know what 
was important and to absorb and exploit theories in 
spite of their present complexities and the abstract 
nature of the quantum mechanical formalism. 

Besides experimental work, Hughes initiated the 
collection, evaluation and presentation of a large 
body of low-energy neutron data, known as the 
weighty report BNL-325, which has contributed a 
great deal of stimulation to nuclear programmes and 
is indispensable to all. His clear thinking, ease 
of expression, and his very great didactic skill in 
lucidly presenting a complex problem made his 
papers, and particularly his books, of the greatest 
value to the expert and the young physicist. I am 
certain their influence in university teaching, though 
indirect, was considerable. These same personal 
properties made him one of the best lecturers among 
the nuclear physicists, and many ‘keynote’ addresses 
were demanded of him at scientific conferences. In 
view of his popularity as a speaker he acted 
as lecturer to the U.S. Information Service in 
many countries in Europe. During 1953-54 he was 
Fulbright professor at the Clarendon Laboratory, 
Oxford. 

It is unfortunate that death has taken from us 
this boyish-looking scientist at the very peak of his 
activity. We shall all miss his optimism and exce!- 
lence in reporting physics at our meetings and his 
stimulating intensity on our visits to Brookhaven. 

E. BRETSCHER 


Dr. C. J. Still 


CHARLES JAMES STILL, who died on April 6, was 
a well-known and well-liked figure in teaching, 
scientific and industrial circles in Northern Ireland. 
After being one of the first members of the staff of 
the Chemistry Department of the Municipal Technical 
Institute, Belfast (now the College of Technology), 
he played a considerable part in the development of 
the Department, and when he retired from his 
lectureship in 1944 he left behind a large and 
flourishing group, closely associated with the relevant 
industries. 

Educated in Belfast, Still was first apprenticed to 
a pharmacist in Bath ; he returned to Belfast, how- 
ever, in 1902, to be first laboratory assistant, demon- 
strator and then lecturer in chemistry (1913). During 
this time he had taken a London B.Sc. with honours. 
Between 1917 and 1920 he worked as a research 
chemist with the British Dyestuffs Corporation, 
Manchester, and was then appointed lecturer in 
bleaching and dyeing in the Applied Chemistry 
Department of Belfast College of Technology. In 
research work, in conjunction with the late Prof. H. 
Wren, he gained a Ph.D. for studies in stereo- 
chemistry and, while his interests were mainly in 
the field of textile chemistry, he also became a 
member of the Pharmaceutical Society of Northern 
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lreland (1927). He was a consultant to many textile 
firms and external examiner for various bodies in 
textile and pharmaceutical chemistry. 

As the work at the College became more specialized 
and as the Queen’s University of Belfast developed, 
it became a natural consequence for certain College 
departments to constitute a Faculty of Applied 
Science and Technology of the University. Indeed, 
to the present day, the Applied Chemistry section of 


Chemical Engineering at Birmingham : 
Prof. F. H. Garner, O.B.E. 


Pror. F. H. GARNER, who is retiring from the chair 
of chemical engineering in the University of Birming- 
ham at the end of the present session, has had a 
distinguished industrial and academic career. After 
graduating at Birmingham he was awarded an 
1851 Exhibition Research Scholarship at the Mellon 
Institute of Research, Pittsburgh, where he became 
a research Fellow. On returning to Great Britain 
in 1921 he became chief chemist at the Agwi Petrol- 
eum Refinery at Fawley and later director of 
research of the Esso European Laboratories. He 
was appointed to the chair of chemical engineering 
at Birmingham in 1942 (Nature, 150, 545; 1942). 
Under his leadership the Department of Chemical 
Engineering has earned a high reputation as a centre 
of training for chemical engineers. During the past 
seventeen years the number of undergraduates has 
increased from 22 to 350, the teaching laboratories 
have been extended and the facilities for research 
greatly improved. There are now about sixty post- 
graduate students engaged in original investigations, 
mainly on problems of a fundamental character. 
Prof. Garner’s contributions to chemical engineering 
theory and practice are varied and important. 
Initially his interests were mainly directed towards 
problems connected with the petroleum industry, and 
included some of the earliest systematic studies on 
‘knock’ rating, and on the unit operations of distilla- 
tion and solvent extraction in petroleum refining. 
Lately his work has been concerned with mass 
transfer processes operative in two-phase systems ; 
in particular he has carried out a detailed analysis 
of the effects of hydrodynamic conditions on internal 
circulation and vortex formation in moving drops. 
Prof. Garner has taken a great interest in the methods 
of training of applied scientists for industry and has 
consistently advocated the value of advanced 
courses of a specialized character in enabling students 
to make use of the latest scientific and technological 
innovations. He was awarded the Redwood Medal 
of the Institute of Petroleum in 1951 and the Melchett 
Medal of the Institute of Fuel in the same year. 


Prof. J. T. Davies 


Dr. J. T. Davies, who will succeed Prof. Garner at 
Birmingham, is best known as a distinguished surface 
chemist. Although born in Swansea, he took his 
B.Se. and M.Se. in chemistry at Canterbury College, 
New Zealand. In 1946 he left for England and worked 
with Sir Erie Rideal ai the Royal Institution, taking 
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the Faculty is also the Chemistry Department of the 
College. As one of the founder members of the 
Faculty, Dr. Still played a part in guiding its early 
development. In this, as in all other fields of his 
activities, Dr. Still was well liked for his quiet wisdom, 
and his associates and former students still remark 
on his gentlemanly bearing and consideration for 
others. He is survived by his second wife, a son and 
a daughter. D. HAMER 


NEWS and VIEWS 


his Ph.D. in 1949. During 1948-49 he was Bristol- 
Meyers Fellow and a research associate at Stanford 
University, California, where he worked with Prof. 
J.W. McBain. During 1949—52 he was Beit Memorial 
Fellow for medical research (for physico-chemical 
investigations of surface effects of biological interest) 
at the Royal Institution and at King’s College, 
London, with five months at the Institut Pasteur in 
Paris. He was a lecturer in chemistry at King’s 
College during 1952-55, and since then has been a 
lecturer in the Department of Chemical Engineering, 
Cambridge. Dr. Davies’s scientific interests have been 
mainly in the field of surface monolayers, in which he 
is acknowledged as an authority. Since going to 
Cambridge he has begun to consider the applications 
of surface chemistry to chemical engineering problems, 
where its importance is becoming increasingly evident. 
His appointment to the Department at Birmingham 
will ensure the continuation of a vigorous research 
tradition, and will bring to the teaching of chemical 
engineering there a first-class mind with a rigorous 
scientific outlook. 


The Kanematsu Memorial Institute of Pathology, 

Sydney Hospital 

THE Kanematsu Memorial Institute was founded in 
1933 by the shareholders of the firm of F. Kanematsu 
(Australia), Ltd., and was built as a memorial to 
Fusajiro Kanematsu and his wife. It replaced the 
old Pathology Department of Sydney Hospital, and a 
Research Department was established; Dr. W. K. 
Inglis was the first director. In 1936, Dr. Inglis 
resigned to accept the chair of pathology in the 
University of Sydney and was succeeded as director 
by Dr. J. C. (now Sir John) Eccles. Between 1937 
and 1944 Dr. Eccles developed a Neurophysiology 
Research Department in which much fundamental 
work was undertaken. Dr. F. C. Courtice (now 
professor of experimental pathology in the Australian 
National University) succeeded Dr. Eccles, who had 
resigned to become professor of physiology in the 
University of Otago, New Zealand. Dr. Courtice 
formed a unit for the investigation of lymph-flow, 
lipid metabolism, and the passage of lipids through 
membranes. 


Dr. H. M. Whyte 


THe Kanematsu Institute has now been divided 
into the Department of Medical Research and the 
Department of Clinical Pathology. Dr. H. M. Whyte 
has been appointed director of the Department of 
Medical Research and will investigate both funda- 
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mental and clinical problems of vascular and renal 
diseases. Dr. Whyte is a graduate in science and 
medicine of the University of Queensland. He was 
awarded a Rhodes Scholarship in 1947 and later a 
grant from the Nuffield Foundation. He obtained a 
D.Phil. at Oxford in 1951 while an assistant to the 
Nuffield Professor of Clinical Medicine at the Radcliffe 
Infirmary. He is a member of the Royal College of 
Physicians and of the Royal Australasian College of 
Physicians, and was formerly director of the Clinical 
Research Department of the Kanematsu Institute. 


Dr. A. A. Palmer 


THe Department of Clinical Pathology provides 
the laboratory services in morbid anatomy, bio- 
chemistry, haematology and bacteriology for Sydney 
Hospital. It will be directed by Dr. A. A. Palmer, 
who has been acting director of the Institute since 
the resignation of Dr. Courtice in 1958. Dr. Palmer 
graduated in medicine from the University of Sydney 
in 1941, and after war service trained as a pathologist 
at the Royal Prince Alfred Hospital, Sydney Hospital, 
and University College Hospital Medical School, 
London. He was appointed senior pathologist to the 
Institute in 1949. The staff of the Department of 
Clinical Pathology will be encouraged to undertake 
surveys and investigations in addition to routine 
duties. 


Science and Mathematics Teaching 

WHEN Colonel Alexander Strange suggested in 
The Times of February 6, 1874 (see Nature, February 
12, vol. 9, p. 277), that a Ministry for Science be 
established, he was expressing concern, echoed 
by many of his contemporaries, that the teaching 
of science in Britain was neither as adequate nor 
extensive as it should be in the schools of his day. 
Now, eighty-six years later, the first Minister for 
Science, Lord Hailsham, has given a public address 
at a seminar on “‘Policy for School Science”, organized 
by the Office for European Economic Co-operation ; 
nor, in view of the delay in establishing this post is 
it surprising that he should be saying the same thing. 
A lot of heavy water has flowed through a lot of 
reactors even since the Office for European Economic 
Co-operation was set up, yet the attempts made to 
satisfy the voracious hunger of the community for 
scientists seem similarly inadequate. Now Lord 
Hailsham is anxious to strike “an ideal balance 
between specialization and general education”. To 
English ears at least, some hope of the balance being 
struck depends on the provision of science teachers 
of calibre. Lord Hailsham agrees that this is the 
“heart of the matter”. “It is almost certain”, he 
continues, “that any serious attempt to clothe with 
reality the picture of an ideal range of scientific 
education, suitably balanced and fortified by an 
adequate background of mathematics, would reveal 
in every country a serious shortage of science 
teachers without whom the project, in its ideal form, 
can be never better than a pipe dream”. All sections 
of industry, the universities and schools will wish 
him well in the future as he grapples with this 
shortage. 


Atomic Physics in Norway 

THE first report (in Danish and English) covering 
the nine months period, October 1, 1957—June 30, 
1958, of the activities of the Nordisk Institut for 
Teoretisk Atomfysik in Copenhagen has recently 
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been issued (Arsberetning 1957/58 (Annual Report). 
Pp. 29. Keobenhavn : Nordisk Institut for Tooretisk 
Atomfysik, 1959). The Institute forms part of the 
Nordisk Organisation for Teoretisk Atomfysik and is 
intended in particular to be a gathering place for 
Nordic physicists, where they may carry out research 
during long or short visits, and where they may meet 
and collaborate with colleagues from other countries 
interested in theoretical atomic physics. Provision is 
also made for the advanced training of young 
physicists from the Nordic countries who are ad- 
mitted on fellowships to work at the Institute. Of 
the five participating countries (Denmark, Finland, 
Iceland, Norway and Sweden), Denmark has promised 
to make available premises for the Institute and to 
defray the expenses connected with their main- 
tenance. During the period under review, the tem- 
porary board of the Institute met three times and 
elected Prof. Niels Bohr as chairman and Prof. T. 
Gustafson as vice-chairman. The board dealt with 
the appointment of staff and the selection of research 
Fellows, and discussed and approved a draft con- 
vention. Prof. C. Moller acted as director of the 
Institute during the interim period, and on June 30, 
1958, the staff consisted of four scientific and two 
administrative staff. There were ten research Fellows. 
A detailed list of the lectures and colloquia given by 
members of the Institute and by invited scientists, 
together with the titles of papers published, com- 
plete the report. 


The Ciba Foundation 


THE report for 1959 of the Ciba Foundation for the 
Promotion of International Co-operation in Medical 
and Chemical Research, to which are appended 
details of the colloquia and symposia held during the 
year, records as the principal event the tenth Anniver- 
sary Symposium on “Significant Trends in Medical 
Research” (Pp. 52. London: The Ciba Foundation, 
1960). It also contains particulars of the four study 
groups, on the nervous mechanisms of pain and itch, 
the steric course of microbiological reactions, diag- 
nosis of early cancer of the cervix and virus virulence 
and pathogenicity, and of the research forum on the 
shortening of life-span of mammals following irradie- 
tion, as well as lists of publications and of periodicals 
taken by the Foundation’s library. Three of the 
Foundation’s conferences were held abroad—in 
Naples, in Paris and in Buenos Aires—and three new 
overseas members joined the Foundation’s Scientific 
Advisory Panel: Prof. T. P. Feng, Prof. L. F. 
Leloir and Dr. M. Roche. The five-year period of 
special encouragement of research into the funda- 
mental aspects of ageing ended during the year. 
Two demonstrations were arranged of a new Swiss 
large-screen colour television system called ‘Eidophor’ 
(see Nature, June 4, page 773). Four Anglo-French 
bursaries were awarded by the British Selection 
Committee and five by the French Selection Com- 
mittee. The eleventh annual lecture was given on 
June 26 by Prof. Pasteur Valléry-Radot on ‘““The 
Role of Intuition in Medical Research’. 


VOL. 186 


The American Philosophical Society 


Tue Yearbook for 1959 of the American Philosophi- 
cal Society, of which more than half is occupied by 
reports from recipients of grants, includes the reports 
of standing committees (with a list of publications) 
as well as the list of members and reports on 
finance (Pp. 779. Philadelphia: American Philo- 
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sophical Society, 1960). From the Penrose Fund, 
175,000 dollars was assigned for research and the 
i88 grants made are listed together with the 60 grants 
nade with 52,000 dollars from the Johnson Fund, 
ind the 6 fellowships for research in clinical medicine 
vr which 27,000 dollars was appropriated from the 
Daland Fund. A brief history of the Society adds 
to the reference value of the Yearbook. 
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Solid State Electronics 


THE discovery of transistor action was followed by 
in explosive growth in the world output of pub- 
ications devoted to the physics, the fabrication 
technology, and the applications of the transistor 
ind of related semiconductor devices. There have 
been parallel though less-spectacular developments 
n the applications of other solid-state phenomena 
such as ferrimagnetism, ferroelectricity and electro- 
iminescence, but theoretical and practical progress 
in the latter fields has undoubtedly been hampered 
by the difficulties of adequately controlling the 
iaterials involved. A new channel for the publication 
of papers on the applied physics and technologies in 
all these and related fields has been created by the 
«ppearance in March 1960 of the first number of the 
new bi-monthly international journal, Solid State 
Electronics (Pergamon Press, London, New York, 
Oxford, Paris). The chief editor is Dr. W. C. Dunlap 
United States), who is assisted by Dr. L. Pincherle 
United Kingdom), Prof. H. Welker (Germany) and 
Dr. G. M. Hatoyama (Japan). All the ten papers in 
the first issue deal with semiconductors, the treat- 
ment in most of them being such as will appeal to 
the device designer and device fabrication specialist, 
as well as, in some cases, to the user. As stated in 
the foreword, the new journal is intended to be 
complementary in treatment and scope to ‘‘Physics 
and Chemistry of Solids’’, which deals with the more 
fundamental and theoretical aspects of the fields 
( overed. 


Statistics of Petroleum Consumption and Refinery 
Production in Britain: 1958-59 


ONE hears repeatedly of the plight of British col- 
lieries with the limitation of coal consumption, a 
remarkable situation in the light of the picture that 
was presented of the coal situation ten years ago. The 
explanation is forthcoming in a recent informative 
publication by the Petroleum Information Bureau, 
which reveals the consumption statistics covering all 
petroleum products, whether imported or from 
indigenous sources, as well as substitutes such as 
benzole and hydrogenated spirit (Petroleum Informa- 
tion Bureau. U.K. Petroleum Industry Statistics 
relating to Consumption and Refinery Production 
1958 and 1959. Pp. 10. London: Petroleum 
Information Bureau, 1960). The data for the years 
1958 and 1959 enable the nature of the increasing use 
of these products to be recognized. In 1959 the oil 
onsumption in Great Britain rose by 17-5 per cent 
as compared with the previous year, to reach a total 
of 36} million tons. Among the major products, fuel- 
oil consumption (including that for public electricity 
generation) again showed the greatest increase, being 
almost a third greater than that for the previous year 
and reaching 13,811,874 tons. There was also an 
increase in the use of motor spirit, which exceeded 
the figures for 1958 by 7-5 per cent. Deliveries of 


propane and butane increased by 40-5 per cent, and 
bitumen used for road-building reached a record 
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annual consumption of nearly a million tons. The 
remarkable growth in demand for oil in Great Britain 
during the past twenty years is evident from the 


following milestones: 1938, 8,990,686 tons; 1948, 
12,766,025 tons; 1953, 19,000,000 tons; 1959, 


36,500,000 tons (all products). The development 
must undoubtedly continue and provide a really 
serious challenge to the more active technological 
development of the use of coal. 


Electronic Computers in Population Genetics 


Two recent papers add to our understanding of 
the frequency and distribution of self-compatible 
homostyled primroses. When homostyly appears in 
a population it might be expected to increase to a 
high frequency at the expense of pins and thrums 
because of the advantage conferred by self-com- 
patibility. Counts made between 1941 and 1954 by 
Sir Ronald Fisher of the actual frequencies of the 
three types in populations near Sparkford, Somerset, 
have been analysed by W. F. Bodmer (Phil. Trans. 
Roy. Soc., B, 242, 517; 1960). Populations with 
only moderate homostyle frequencies showed no 
significant increase during this time, and others with 
an initially high frequency showed a decrease. 
Bodmer demonstrates by mathematical models that 
these situations can be explained by the high degree 
of cross-fertilization now known to occur between 
homostyles, coupled with a possible reduction in 
viability of the homostyles. Populations thus appear 
to be protected against the retrograde change from 
an outbreeding to an inbreeding regime. J. L. Crosby 
(Phil. Trans. Roy. Soc., B, 242, 551; 1960) has 
studied the irregular distribution of homostyle fre- 
quencies among neighbouring populations. The 
expected pattern with a centre of high frequency 
corresponding to the point of origin of homostyly, 
and decreasing frequencies with increasing distance, 
does not agree with field observations. The irregu- 
larities are attributed to random fluctuation (the 
Sewall Wright effect), and artificial models which 
take this into account produce distributions similar 
to those observed. Both authors have used electronic 
computers to predict the evolutionary changes likely 
to occur in a population under given conditions. The 
ability to simulate a large number of generations in 
a short time is of great value, and there is little doubt 
that computors will become of increasing importance 
in population genetics. 


Structural Loading in Factories 


Four years ago the Building Research Station of 
the Department of Scientific and Industrial Research 
started a series of investigations into the special needs 
of factory building. This work was undertaken in 
conjunction with the Midland Regional Board for 
Industry. Already three reports dealing with separate 
aspects of this problem have been published, and the 
latest report, “Structural Loading in Factories’, is 
published for the Department of Scicntific and Indus- 
trial Research by H.M. Stationery Office, price 1s. 9d. 
The floors and roofs of modern factories are expected 
to accommodate an ever-greater variety of equip- 
ment. Much of the production plant, service equip- 
ment, transport and goods may be carried by the 
floor, but a great deal of it is now suspended from 
above. The resulting loading conditions are not 
fully covered by existing codes of practice, but failure 
to make reasonable allowance for them will restrict 
the adaptability of a building to permit improvement 
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of method or change of product. The information in 
the report supplements the codes by giving more 
details of various kinds of load for which provision 


may have to be made, with some indication of 
typical ranges of sizes, weight and performance of 


the equipment concerned. The equipment con- 
sidered includes that for heating and ventilation, 
lighting units and power distribution, piping, handling 
plant, machinery and tools. The information will 
assist factory managements in assessing their needs 
as well as designers. The loads to be carried can 
affect the selection of a site and influence the design 
of a factory. Where very heavy loadings are neces- 
sary, they may be a deciding factor in the choice 
between single- and multi-storey construction. 


New Instruments for Electronic Engineers 

THE latest edition of the Pye Scientific Instrument 
Catalogue ‘“‘N” describes several important new 
developments and supersedes previous editions. The 
new developments include a stabilized d.c. power- 
supply unit with output voltages within the range 
0-500 V. (250 m.amp. max. load); a d.c. amplifier 
(contact modulator); ‘Scalamp’ double-reflexion 
galvanometers; new ranges of measuring micro- 
scopes and cathetometers ; an argon chromatograph 
with new accessories; and industrial flow-type 
essemblies and density measuring equipment. The 
illustrated catalogue is divided into nine sections 
and covers thirty-two pages. Individual descriptive 
leaflets of most of the instruments are available on 
request. The catalogue is obtainable from W. G. 
Pye, Ltd., Cambridge ; prices are not quoted. 


Ageing and Research 


Aw account of its investigations into the problems 
of ageing has been published by the U.S. Department 
of Health, Education and Welfare (‘‘“Research Pro- 
grammes in Ageing’’. Superintendent of Documents. 
U.S. Government Printing Office, Washington, D.C. 
15 cents). The growing interest in gerontology is 
reflected in the announcement that, in addition to 
the continuing research programme carried out by 
Government scientists, grants by the Government to 
medical schools and other private institutions for 
research in ageing have increased 62 per cent in 
expenditure over 1959. The investigations conducted 
or supported by Government departments covered 
many aspects of ageing in three broad areas: (1) the 
biological process of ageing ; (2) the chronic diseases 
commonly associated with the aged; and (3) addi- 
tional health problems of the aged, such as the 
mental health difficulties growing out of changing 
cultural demands. 


Food-borne Infections 


CENTRALIZATION Of food production and distribu- 
tion and consumption on a mass scale involve an 
increased risk of spreading food-borne disease. It is 
essential that measures for the control and prevention 
of such diseases should be strengthened, not merely 
in each individual country but also at the inter- 
national level, since foods are being exported and 
imported on an ever-mounting scale, and tourist 
travel is continually increasing. If such measures are 
to be effective, they must be based in the first place 
on proper notification of cases of food-borne disease 
in each country, and on the collation at international 
level of the reports published by the public health 
administrations. In addition, thorough epidemio- 
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logical surveys are required. In a report issued by 
the World Health Organization of a European Tech- 
nical Conference on Food-Borne Infections and 
Intoxications, the various control measures designed 
to promote the production of pure and safe food 
are reviewed (Technical Keport Series, No. 184. 
Geneva, 16-21 February, 1959—-Report. Pp. 18. 
Geneva : World Health Organization ; London: H.M. 
Stationery Office, 1959. 1 Swiss franc; Is. 9d. ; 
0.30 dollars). The conference also drew up a series 
of recommendations on what the physician should 
do when faced with a case of food-borne disease, on 
what action should be taken by public health services 
and laboratories, and on national and international 
measures for the control and prevention of such 
diseases. 


Strontium-90 Content of British Diet 


OnE of the main objects of the investigations being 
carried out by the Agricultural Research Council on 
the radioactive contamination of human food and 
agricultural land is to provide information on the 
trend of the level of strontium-90 in the British diet. 
Some of the foods involved in the survey are produced 
only at a single time in the year, and consequently 
the assessment of changes in the average dietary 
intake is most satisfactorily made on an annual basis. 
However, the contribution from dairy produce repre- 


sents some 65 per cent of the total dietary intake of 


strontium-90, and it is useful to have interim reports 
on activity-levels in milk, particularly during periods 
when the rate of fall-out has shown some increase. 
Report No. 2 from the Council’s Radiobiological 
Laboratory (‘“Strontium-90 in Milk and Agricultural 
Materials in the United Kingdom 1958-1959”. Pp. 
91, 17 tables, 15 figures. H.M.S.O., London, 1960. 5s.) 
gives an account of the changes which occurred in 
the strontium-90 levels in milk samples, representa- 
tive of a substantial fraction of United Kingdom 
milk production, during the period January—June 
1959. The report indicates a general rise in levels by 
about 50 per cent during this period, but notes that 
‘‘such information as is available for samples collected 
after June 1959 shows that the values have since 
decreased’’. The report also includes the results of 
surveys on strontium-90 in permanent pastures and 
animal bones, together with summaries of the results 
of experimental studies which assist in the inter- 
pretation of the dietary trend. 


Russian Machine Translation Dictionary 


THE difference between the Russian machine 
translation dictionary and an ordinary dictionary is 
discussed in an article by H. 8. H. Massey in Research 
(13, No. 4; April 1960). The principles on which 
a dictionary for machine translation are based appear 
to be a combination of the syntactical and semantic 
analysis approach of the Massachusetts Institute of 
Technology and the polysemia approach of the Rand 
Development Corporation. The Russian machine 
translation dictionary differs from an ordinary one 
in several ways. First, it is divided into separate 
units corresponding to the languages to be treated. 
Each word in the source-language dictionary is 
given the number of its equivalent in the target- 
language dictionary ; for translation in the other 
direction the words in the target-language-dictionary 
are allotted indices showing the numbers of their 
equivalents in the source-language dictionary. 
Secondly, the dictionary of each language is divided 
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into a section of monosemantic words and a section 
if polysemantic words, the monosemantic word 
section being further subdivided into groups of terms 
belonging to particular spheres of science and a group 
f widely used monosemantic words. The third 
peculiarity of the dictionary is that it contains not 
nly a list of lexical units (words) but also a definite 
ot of grammatical characteristics for each word, which 
s not fully formalized in ordinary dictionaries. 
This kind of dictionary also provides a system of 
relative word values, relating the lexical system of the 
target-language to that of the source-language. This 
closely related to the fact that the dictionary 
provides ‘zero values’ for words, that is to say, those 
cases when a word should not be translated as a 
separate lexical unit. 


Mineralogy in the U.S.S.R. 


In an article published in the Bull. All-Union 
Winer. Soc. (88, 609; 1959), V. F. Alyavdin, after 
viving a review of the present-day reference books on 
crystallography and mineralogy, such as those of 
Dana, Hintze, Doelter, Goldschmidt and Groth, as 
well as all the important periodical publications, 
suggests the necessity of publishing a special series of 
reference books, but in this case, dealing only with 
minerals and crystals found in the U.S.S.R. This, 
proposed, series is as follows: (1) Mineralogy of the 
U.S.S.R. (in 12-15 volumes) ; (2) Atlas of crystals of 
minerals in the U.S.S.R. (in 3-4 volumes); (3) 
Chemical composition of minerals of the U.S.S.R. 
(in 2-3 volumes); (4) Optical mineralogy with 
determinative tables according to the immersion 
method and according to Fedorov’s method; (5) 
Crystal-goniometric determinative tables, representing 
the continuation of the Boldyrev’s tables for minerals 
of lower syngonies. At the end of his article V. F. 
\lyavdin provides a list of Russian publications 
dealing with regional mineralogy, since the publica- 
tion of N. Y. Koksharov’s “Materials for the 
mineralogy of Russia (1853-1891)”. This list includes 
numerous publications on the minerals of the Kola 
Peninsula, Crimea, Urals, Altai and other regions. 


Bio-electric Potentials of Plants 


Ix earlier papers, D. S. Fensom (Canad. J. Bot., 
35, 573 ; 1957; 36, 367; 1958) discussed the possible 
relationships between the bio-electric potentials in 
plants and translocation systems, and demonstrated 
that correlations exist between transport patterns 
and biopotential patterns. While the evidence did not 
prove conclusively that transport is due to internally 
generated electricity, it suggested that the two are 
closely linked, and that both are related to meta- 
bolism. Other investigators have advanced somewhat 
similar views. In a further paper, Fensom (Canad. 
J. Bot., 37, 1003; 1959) has considered the phen- 
omenon of the production of continuous potentials 
across membranes in plant tissues by the circulation 
of the hydrogen ion. Of the three types of membranes 
vhich occur generally in plant cells, lipoid, protein 
and cellulose, it would seem that a protein-coated 
grid of cellulose can be envisaged as surrounding the 
cells. Such a membrane would appear to have the 

ght pore size and properties to allow almost un- 

ttered hydrogen ion diffusion but yet permit 
itercell biopotentials to be built up. It is pointed 
it that the most important ion involved in diffusion 

id in subsequent ion exchange would seem to be 

hydrogen (as hydronium) ion, and that tissue 
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can conveniently be divided into general areas of 
hydrogen ion production or hydrogen ion absorption. 
The resulting circulation of this ion is explored and 
discussed in relation to photosynthesis, respiration, 
protoplasmic streaming, and transport. These ideas 
are shown to give reasonable explanations for the 
results obtained in experiments and to resolve certain 
difficulties related to biopotential studies. They are 
considered to be useful since they predict some 
important results which can be experimentally 
tested, some of which are here given. 


Griseofulvin 


In his presidential address to the British Myco- 
logical Society (Trans. Brit. Mycol. Soc., 43, 1; 
1960), Dr. P. W. Brian presented a history of the 
research into griseofulvin. One is led behind the 
scenes and given an example of how initial interest 
and careful choice of materials can play an important 
part in subsequent developments. The reference list 
shows that workers in a variety of fields have found 
it a profitable subject for research. Academic aspects 
that have attracted attention are its chemistry, 
leading to synthesis of homologues, its mode of 
action, reflecting upon the normal constitution and 
development of fungal cell walls, and its translocation 
in angiosperms, bearing upon the relationship between 
molecular structure and ease of transport. The 
applied aspects recorded centre on its use as a 
systemic fungicide in the treatment of fungus 
diseases of plants and animals. Its importance in the 
growth of the concept of systemic fungicides is well 
known, and its use in animals, particularly against 
diseases like ringworm of cattle which are resistant 
to topically applied fungicides, promises to revolu- 
tionize treatment of animal mycoses. 


Priapulus caudatus Lamarck 


THE discovery of P. caudatus, which was found 
for the first time in the Flatford area on March 1, 
1958, is announced (Trans. Suffolk Nat. Soc., 11, 
Part 2; 1959). A single specimen was taken from 
soft mud just below mean sea-level on the shore of 
the Stour estuary at Stutton Ness. Afterwards, it 
was proved to be widespread on both Suffolk and 
Essex shores of the estuary and occurs intertidally 
in small numbers wherever there is a suitable sub- 
strate of soft mud. No individuals have been taken 
from the region of lowered salinities above Brantham. 
In addition to the animals from the Stour, P. caudatus 
has been found in the mud of the large lagoon at 
Shingle Street in Suffolk and from a similar habitat 
by the Wade at Hamford Water, Essex. The “Vic- 
toria History of Suffolk” (1911) notes that this 
animal is common in the mud of the Deben at 
Waldringfield. Priapulus is an unusual unsegmented 
worm. The genus appears to have only slight affinities 
with other groups of invertebrates and is usually 
placed in a phylum of its own—phylum Priapulida. 


CIBA Foundation 


THE seventy-fifth anniversary issue of the Journal 
of the CIBA Foundation, the publication of the 
chemical firm in Basle, gives an account of the 
development of the concern, and also brief historical 
sketches of the branches of science which are con- 
cerned in its processes. The Journal is richly illus- 
trated, largely in colour, and although some of the 
text is in the style of popular journalism, it is on 
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the whole instructive and attractive. The part taken 
by Basle in the development of science, learning and 
industry is explained, but the field covered is generally 
wider, the development of science and industry from 
early times in many lands being dealt with. The 
style is in general non-technical. The main interest 
of the publication is the wealth of illustrative 
material. 


National Research Council of Canada Scholarships 


Tue National Research Council of Canada has 
granted 486 scholarships for 1960-61, with a total 
value of 1,040,000 dollars; of these 423 are for 
graduate work at Canadian universities. These 
include 140 bursaries worth 1,800 dollars each, and 283 
studentships worth 2,200 dollars each. Awards for 
study in other countries include 34 special scholarships 
worth 2,200 dollars cach. 27 of these are to be held 
in the United Kingdom, and 7 in the United States. 
29 postdoctorate overseas fellowships, valued at 
3,500 dollars for married and 2,700 dollars for single 
Fellows, have been granted for work in the following 
countries : 21 inthe United Kingdon ; 2 in Australia ; 
2 in France and 2 in Germany; | in Belgium and 


1 in the Netherlands. 


Manchester Literary and Philosophical Society 


Tue Manchester Literary and Philosophical Society 
announces the election of officers and committee as 
follows: president, Prof. H. Lipson ; vice-presidents, 
Miss A. C. Alexander, Sir Geoffrey Jefferson, Mr. 
F. G. Glossop, Prof. R. D. Waller ; honorary secre- 
taries, Dr. G. T. Ashley, Dr. L. Cohen; honorary 
treasurer, Mr. H. Hayhurst; honorary librarians, 
Mr. L. L. Ardern, Dr. W. H. Brindley; honorary 
curator, Dr. J. A. Petch; council, Mr. L. Cohen, 
Mr. A. H. Coulty, Mr. 8. M. Milner, Mr. N. G. C. 
Pearson, Miss M. Pilkington, Mr. M. P. Pariser, 
Mr. B. Rodgers, Mr. F. C. Toy, Mr. C. E. Young. 


The Institution of Metallurgists 


Mr. W. E. BArRDGETT, research manager of the 
United Steel Companies, Ltd., was elected president 
of the Institution of Metallurgists in succession to 
Prof. A. J. Murphy. The following appointments to 
officers and council are also announced: president- 
elect, Dr. N. P. Allen (National Physical Laboratory) ; 
vice-presidents, E. A. Bolton (I.C.1., Metals Division), 
and E. G. West (Aluminium Development Associa- 
tion); honorary treasurer, L. W. Derry (Battersea 
College of Technology); members of council, I. 
Jenkins (General Electric Co., Ltd., Wembley, 
Middlesex), Dr. A. H. Sully (British Steel Castings 
Research Association, Sheffield), Prof. C. R. Tottle 
(University of Manchester) and E. Mitchell (Lucas 
Group Reszarch Centre, Birmingham). 


The Institute of Mining and Metallurgy : Awards 


Tur following awards of the Institute of Mining 
and Metallurgy are announced : Gold Medals, to Mr. 
E. D. McDermott, in recognition of his services to 
the mining industry and profession, and of his services 
to the Institution as its representative on the Govern- 
ing Body of the Imperial College of Science and 
Technology for fifteen years; and to Mr. J. Krutt- 
schnitt, in recognition of his services to the mining 
industry in Australia ; Honorary Membership, to the 
Right Hon. Lord Robins, in recognition of his services 
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to the mineral industry, particularly in southern 
Africa ; to Sir Patrick Linstead, in recognition of his 
services to the profession of mining and metallurgical 
engineering in the field of education ; and to George 
Augustus Whitworth, in recognition of his services 
to the mining industry and profession on the occasion 
of his retirement from the principalship of the 
Camborne School of Metalliferous Mining. 


Announcements 


Dr. GERALD B. Cook has been appointed chief 
chemist of the International Atomic Energy Agency. 
Dr. Cook, a graduate of the University of Birmingham, 
has worked at the Cavendish Laboratory, the 
Canadian atomic energy project in Montreal and at 
Chalk River, and at the Atomic Energy Research 
Establishment at Harwell, first in the Chemistry 
Division and from 1954 as head of the Chemistry 
Group of the Isotope Research Division. 


THE Challenger Society is prepared to make small 
grants for research in marine biology or oceanography 
at a recognized laboratory during the year June 
1960/61. Applications, accompanied by details of 
the proposed research, should reach the Hon. Secre- 
tary, Challenger Society, National Institute of Oceano- 
graphy, Wormley, Godalming, Surrey, not later than 
June 30. 


“THE Register of Current Scientific Research at 
South African Universities, 1959°’ is based on replies 
to questionnaires, and the 587 entries are printed as 
received, English translations being provided for 
Afrikaan entries (edited by D. Ryle Masson. Pp. 
vii+ 113. Pretoria: South African Council for 
Scientific and Industrial Research, 1960). The 
material is arranged under nine main headings, with 
sub-divisions, and in the sub-divisions under the 
university alphabetically. The Register is well 
printed and most entries are provided with a brief 
description of the scope of the research. There are 
author and subject indexes. 


A BOOKLET published by the Biochemical Society, 
copies of which are obtainable from Mr. R. E. 
Sherriff, 133-5 Oxford Street, London, W.1, explains 
for the benefit of school-leavers what biochemistry is 
about, how one can train to become a biochemist and 
the opportunities and prospects that exist for a 
biochemist (Careers in Biochemistry. Pp. 8. London: 
Biochemical Society, 1960. 8d.). Some of the in- 
formation has already appeared in the publications, 
“Biology as a Career” and ‘“‘Looking to Chemistry 
for a Career”, of the Institute of Biology and the 
Royal Institute of Chemistry, respectively, and to 
these publications prospective biochemists are referred 
for fuller information. 


“CrviLIAN Application Releases through 1959”’, 
issued by the Technical Information Division, Sandia 
Corporation, gives a cumulative bibliography of tech- 
nical reports, memoranda and manuscripts, including 
@ section on engineering materials (drawings and 
specifications) released from the Atomic Energy 
Corporation’s Engineering Materials Branch at Oak 
Ridge (pp. 88. Washington, D.C.: Office of Tech- 
nical Services, Department of Commerce, 1960. 
2.25 dollars). Prices for printed, or photostat, or 
microfilm copies are listed for many of the entries. 
There are some 900 entries arranged numerically. 
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THE INTERNATIONAL ATOMIC ENERGY AGENCY 


ASSISTANCE PROGRAMME 


T was decided at a recent session of the Board of 

Governors to the International Atomic Energy 
{gency to supply twenty scientists and legal experts, 
who would assist and advise in various projects 
being developed, to ten countries. This decision was 
taken when the Board of Governors was allocating 
60 per cent of the Agency’s own technical assistance 
fund for the current year. The countries to receive 
such support are Afghanistan, Austria, Brazil, Iran, 
Iraq, Korea, Philippines, Turkey, Venezuela and 
Yugoslavia. Of these countries, Austria, Iraq, Philip- 
pines and Yugoslavia will receive equipment to a 
total value of 47,200 dollars in connexion with the 
work to be undertaken. The allocation was made on 
the basis of requests for assistance under the 1960 
programme received by the end of January, the 
remainder of the funds being left for requests received 
by the end of May. In addition, the Agency imple- 
ments an assistance programme under the United 
Nations Expanded Programme of Technical Assistance. 


Afghanistan 

Progress in the nuclear development field in 
\fghanistan has been retarded by a lack of trained 
personnel and training facilities. Since experience in 
these fields is very limited in Afghanistan, the 
Government has requested the International Atomic 
Energy Agency to provide the services of a nuclear 
physicist to assist in drawing up a programme ; he 
will also train staff and lecture at the Faculty of 
Science in the University of Kabul, and assist in 
establishing a nuclear physics laboratory within the 
University. 


Austria 


One biochemist will work at the Austrian Cancer 
Research Institute in Vienna to advise on the use of 
radioisotopes in cancer research and on the estab- 
lishment of a radioisotope laboratory. He will train 
Austrian scientists in the techniques of determining 
the distribution of labelled tumour cells in experi- 
mental animals. The Agency will also provide some 
nuclear equipment for this project. 


Brazil 

One expert in prospecting for nuclear raw materials 
will visit Brazil to assist the Government’s pros- 
pecting programme. He will also assist in organizing 
field training of geologists and prospectors. The 
Brazilian authorities plan to co-ordinate the country’s 
activities in the field of radioactive minerals and 
prospecting. The Agency will provide the services of 
a nuclear geologist to assist in this project, and 
particularly in planning and organizing a large-scale 
veological programme. 

In connexion with creating a division of nuclear 
metallurgy at the Institute of Atomic Energy in Sao 
Paolo, a nuclear metallurgy expert will be sent to 
Brazil. He will advise on the organization and working 
plans of metallurgical laboratories, on the training of 


specialists and on the co-ordination of work with other 
institutions in Brazil. 

Another expert will work at the Institute of 
Atomic Energy at Sao Paolo and assist in training 
chemists in radiochemistry and isotope separation 
as applied to the production of radioisotopes. He 
will also be concerned with the organization and 
preparation of the research programme of the radio- 
chemical laboratories, and assist in the activities of 
the Research Institute at Belo Horizonte and other 
research organizations in Brazil. 

The Government of Brazil plans to work out legal 
rules on third-party liability and insurance for 
nuclear hazards in connexion with its nuclear power 
programme, and particularly the Mambucaba nuclear 
power project. A legal expert will be sent to Brazil 
to advise the authority for the Mambucaba project 
on these questions. 


Iran 


The National Iranian Atomic Energy Commission 
and the Ministry of Industry are conducting a 
thorough exploration of Iran’s radioactive mineral 
resources and a survey of the possibilities of mining 
and producing uranium in the future. Two experts 
from the International Agency will be attached to 
this project. One of them will work at the Prospecting 
Section of the Geological Department of the Ministry 
of Industry and Mines and advise on organization 
and methods of radiometric surveys and give further 
training to the staff. The second expert will work at 
the Mining Section of the same Department and will 
assist in installing uranium ore processing equipment 
and instruct laboratory staff in methods of testing 
and processing uranium ores as well as in geochemical 
methods of prospecting for uranium. 


lraq 


Two experts, one in the agricultural and one in 
medical applications of radioisotopes, will visit Iraq, 
and some equipment will be supplied. 

One expert will work on investigations into soil 
reclamation, fertility surveys and crop improvement ; 
he will also supervise the establishment of an agri- 
cultural radioisotope laboratory and direct the 
research work in the laboratory on soil—plant—water 
relationships. 

The expert in the medical application of radio- 
isotopes will work at the Radioisotope Department 
of the Republic Hospital in Baghdad and train new 
Iraqi staff in the medical uses of radioisotopes, in 
particular in their diagnostic and therapeutic appli- 
cations. 


Korea 


The Korean authorities have established an 
Atomic Energy Research Institute near Seoul, where 
a swimming-pool reactor, T'riga Mark IT, will be put 
into operation during 1960. In connexion with the 
reactor project, the Government of Korea will be 
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assisted by an Agency health physicist, who will 
advise on all health physics matters relating to the 
project. 


Philippines 

A radiochemist will be sent to the Philippines to 
advise the Atomic Energy Commission on the organ- 
ization of radioisotope courses and on the radio- 
chemical facilities of the reactor to be built at the 
projected nuclear research centre near the University 
of the Philippines. 

The International Atomic Energy Agency will also 
provide some equipment, including counters, ioniza- 
tion chambers, rate-meters and other instruments. 


Turkey 
An expert in atomic energy planning will go to 
Turkey at the request of the Government to advise 
it on working out a detailed long-range atomic energy 


programme, on the establishment and operation of 


the necessary facilities and laboratories to implement 
this programme and on the setting up of new training 
and research centres. 

A research and training reactor is under con- 
struction near Istanbul. To elaborate a detailed and 
effective research and utilization programme for the 
reactor the Turkish Atomic Energy Committee has 
established a committee of scientists and requested 
the International Atomic Energy Agency to provide 
the services of an expert on reactor utilization to 
assist in the activities of the Committee. In addition, 
the expert will advise on setting up and utilizing a 
sub-critical assembly in the Faculty of Science at 
the University of Ankara. 
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Venezuela 
A legal expert will be sent to Venezuela to advise 
the Government on legislative and administrative 
problems relating to its atomic energy programmes, 
and assist in planning and drafting the required 
legislation as well as in training Venezuelan staff on 
legal matters 


VoL. 186 


Yugoslavia 
An expert in the agricultural applications of 


isotopes will work at the Yugoslav Institute for the 
Application of Nuclear Energy in Agriculture, 
Veterinary Sciences and Forestry in Belgrade. He 
will assist in equipping the Institute and in the 
organization and development of a laboratory. To 
assist the expert in his work and to help in setting up 
the laboratory the Agency will provide counting and 
dosimetry equipment. 

An expert in the medical uses of atomic energy 
will be sent to Yugoslavia to initiate clinical research 
work at the medical radioisotope laboratories in 
Belgrade, Ljubljana and Zagreb. He will also lecture 
on the applications of isotopes at a course organized 
by the Federal Nuclear Energy Commission and 
advise the Commission on future activities related to 
the medical applications of radioisotopes. 

One biochemist will be attached to the Institute 
for Biology at Zagreb to help its staff to fight 
fasciolosis, a cattle disease which is estimated by the 
Government to cost Yugoslavia 8,000 million dinars 
annually. He will assist in equipping the radio- 
isotope laboratory of the Institute and train the 
local staff in the applications of tracers to research. 
Some nuclear laboratory equipment will also be 
provided. 


THE RESEARCH ASSOCIATION OF BRITISH FLOUR MILLERS 
NEW LABORATORIES 


of the Cereals Research Station, provided by 
the Millers Mutual Association, and which include 
new analytical and research laboratories, animal 
unit, workshop, committee, lecture and common 
rooms and car.teen, were opened by Lord Rank on 
May 4. In his speech, he said that there was no need 
now to remind any industrialist that to be successful 
he must have the best scientific advice and stimulus 
at his elbow. While individual milling companies 
had their own scientific units, the industry looked to 
the Research Association for leads on major scientific 
developments ; the Research Association was, in 
fact, the scientific headquarters of the milling 
industry. After stressing the importance of nutritional 
research, he went on to say that in Great Britain we 
had the best and probably the cheapest bread in the 
world, and in this achievement the Research Associa- 
tion had played a big part. He could say this with 
authority, because he was president of the Association 
during 1930-52. 

At the luncheon that followed, the president, Mr. 
L. Hector Read, proposed the health of the guests. 
Before doing so, he thanked Lord Rank and his 
colleagues for providing the additions to the labor- 
atories and he also expressed the indebtedness of the 
Research Association for the great help and encour- 
agement received from the Department of Scientific 


ie pages extensions to the laboratories 


and Industrial Research during the thirty-seven 
years since the Association was founded. In wel- 
coming the principal guest, Lord Cohen of Birkenhead, 
he spoke of him as a leader in his profession, as one 
who has always been keenly interested in scientific 
and medical research, and as the outstanding medical 
statesman of the age. In replying, Lord Cohen 
pointed out that biology, of which medicine is simply 
an aspect, had advanced mainly by the application 
of physics and chemistry to the elucidation of complex 
biological phenomena. For this reason it was to him 
of immense significance to see such application being 
made by the Research Association to the problems 
of cereals. He noted, too, investigations involving 
engineering, bacteriology, mycology, entomology, 
zoology and genetics. With regard to the latter, 
“Bread and Breed” was indeed a most appropriate 
title. The esthetics of bread, its palatability and 
appearance, and other fields of the arts also entered 
into the work of the Association, and he wondered 
whether here in these laboratories would be 
found the appropriate marriage of the two cultures, 
science and art, of which Sir Charles Snow spoke 
recently. 

The laboratories were afterwards opened for 
inspection, and a number of demonstrations were 
given illustrating the current research programme. 
These included the structure and chemistry of the 
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Corner of Bread Bakery, Cereals Research Station, St. 
Constant Temperature Laboratory 


Fig. 1. 


wheat grain, with the distribution of the B vita- 
mins and vitamin E, varietal differences in wheat 
and how they affect milling and baking properties, 
the chemistry of the wheat proteins, nutritional 
studies on wheat and flour as shown by experiments 
on the rat, experiments on dental caries, the chemistry 
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of cereal lipids, certain aspects of 
flour milling technology, including 
the air classification of flour, rheo- 
logical studies on dough, problems 
specific to oats and oat products 
and the avoidance of rodent con- 
tamination of cereals on the farm. 
To mark the occasion, a book 
was prepared, entitled “The Re- 
search Association of British Flour 
Millers, 1923—1960°’, which includes 
abstracts of the 376 scientific and 
technical papers published by the 
Association. The abstracts are 
grouped in three categories—basic, 
agricultural and technological. In 
the introduction, the president 
writes: ‘Speaking for my Council, 
| would like to stress that in our 
opinion the main function of the 
Research Association is to carry 
out basal research. I would add, 
too, that in our experience the 
practical results that have followed 
amply justify this policy. That 
does not mean that some routine 
and ad hoc work is not necessary. 
It is, if only to keep the staff 
in touch and in sympathy with 
millers’ day to day problems. Nor 
has research on flour milling as 
such been neglected. I have only 
to refer to our recent work on the 
separation from ordinary flour, by air classification, 
of fractions rich or poor in protein. This may be a 
major development in the history of flour milling. 
| believe therefore that the Research Association has 
for some years struck about the right balance between 
basal and applied research”’. T. MorRAN 


OF CROP PLANT RESISTANCE 


TO DISEASE 


A SYMPOSIUM on the nature and exploitation 
of crop plant resistance to disease, organized 
jointly by the Association of Applied Biologists 
(president, Dr. R. V. Harris) and the British Myco- 
logical Society (president, Mr. E. C. Large), was 
held at the London School of Hygiene and Tropical 
Medicine during January 8-9. 

The first day’s proceedings were devoted to studies 
on the host plant, and, in a general introduction, 
Dr. G. D. H. Bell said how much he appreciated 
the initiative of the sponsors in arranging this 
important symposium. The efficient exploitation of 
disease resistance required the collaboration of both 
the pathologist and the plant breeder. Obviously 
the breeder tended to be more concerned with the 
host than with the pathogen, and although it was 
accepted as sound breeding policy to handle disease 

‘sistance in much the same way as other breeding 
characters, the genetics of the pathogen had to be 

msidered as well as that of the host. Disease 
resistance was, of course, expressed in different ways, 
while various systems of genetic control were known. 
Major gene resistance in the host had been exploited 


extensively, but that based on minor 
undoubtedly safer in many circumstances. ; 

Dr. R. C. F. Macer (Plant Breeding Institute, 
Cambridge), who considered developments in breeding 
disease-resistant cereals, suggested that the problems 
were for the first time being dealt with adequately in 
Great Britain. The synthesis of wheat lines with 
genes for resistance to Puccinia glumarum, Erysiphe 
graminis and Cercosporella herpotrichoides were given 
as examples of progress being made; in some cases 
it had been found desirable to use sources of resistance 
found in allied species and genera. The closed-flower- 
ing character of barley was described as an escape 
mechanism giving protection from all races of 
Ustilago nuda. 

Some of the difficulties in breeding for resistance to 
certain diseases in vegetable crops were outlined by 
Dr. J. C. Haigh (Wellesbourne), who described the 
present position in lettuce with regard to mosaic 
disease, downy mildew (Bremia lactucae) and mould 
(Botrytis cinerea). He also referred to the difficulties 
of using Lycopersicum pimpinellifolium and L. 
hirsutum as sources of resistance to Cladosporium 
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fulvum and Didymella lycopersici in breeding outdoor 
tomatoes. 

Dr. R. L. Knight, Miss E. Keep and Mr. J. B. 
Briggs (East Malling) gave an interesting account 
of the possible control of a disease by breeding for 
resistance to its vector. Amphophora rubi is the aphid 
vector of several raspberry viruses, and specific 
genes have been found in the hosts which give 
resistance to particular strains of the aphid. The 
authors considered that there was a good chance of 
the breeding work being able to keep ahead of the 
aphid for some time to come. 

Dr. D. S. Kirkham and Dr. A. E. Flood (East 
Malling) discussed apple and pear scab, and they 
described a resistance mechanism based on bio- 
chemical differences. Characteristic phenolic sub- 
stances were found to be present in the two-host 
species and quantitative differences in these have been 
demonstrated between resistant and _ susceptible 
varieties. Using the sporulation of the fungi (Ven- 
turta inaequalis and V. pirina) as a measure of 
biological activity, chlorogenic acid was found to have 
an inhibitory effect. These fungi have a narrow host 
specialization, and resistance to them can apparently 
be conferred by one or more major genes. 

Another type of biochemical resistance, but in this 
case acting outside the plant through root exudates, 
was described by Dr. E. W. Buxton (Rothamsted) 
in relation to studies with pea wilt resistance. Pea 
varieties differ in their susceptibility to individual 
races of Fusarium oxysporum f. pisi and resistance 
appears to be associated with inhibition of growth by 
the root exudates. The exact nature of the exudate 
is unknown, but it probably took effect in the rhizo- 
sphere, acting either directly upon the parasite, or 
indirectly by first affecting the associated micro- 
organisms. 

Prof. S. C. Harland, introducing the discussion, 
said that such joint meetings between scientists of 
different disciplines were long overdue. He believed 
that the fundamental information necessary in 
breeding for disease resistance was a knowledge of 
the breeding system and the genetic architecture 
of both the host and the pathogen. He felt that it was 
necessary, on a long-term basis, to recognize the fact 
that single major gene resistance was less stable than 
that based on a number of minor genes, and further 
consideration should be given to the exploitation of 
types of resistance known variously as field resistance 
and adult plant resistance. Prof. Harland wondered 
whether the time had not come to reconsider the use 
of induced mutations as a practical method of 
increasing the variability of the host plants. 

The papers on the second day were introduced by 
Prof. D. Lewis, who briefly summarized the ways in 
which fungal variability may occur: by mutation, 
by genetic recombination in sexual reproduction, by 
segregation of nuclei from heterocaryons and by the 
parasexual phenomenon. Variation in pathogenicity 
was now known to occur so rapidly that it often seemed 
capable of overcoming resistance available to the 
plant breeder, particularly where reliance was placed 
upon’ major gene resistance, which exerted vigorous 
selection upon the pathogens. Prof. Lewis then 
contrasted the ability of fungi to break down the 
resistance of plants with their apparent failure to 
overcome the toxicity of fungicides. 

The paper by Mr. A. C. Hastie (Rothamsted) on 
“Variation in Verticillium albo-atrum isolated from 
Hops” described experiments, using nutritionally 
deficient mutants, to determine the mechanisms 
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responsible for variation in this imperfect fungus. 
Mixed inoculum of isolates differing in nutritional 
deficiencies, when grown on an unaugmented agar 
medium, resulted in heterocaryon formation. It may 
now be inferred that a system similar to parasexuality 
may give rise to novel progeny. This work is at 
present being extended to include an investigation of 
the possibility of these mechanisms also being respon- 
sible for variation in pathogenicity. 

Dr. R. D. Tinline of the Canada Department of 
Agriculture, at present working at Rothamsted, 
reported in his paper “Pathogenic and Cultural 
Variation in Cochliobolus sativus” that variation in 
culture of this fungus was brought about by mutation, 
by heterokaryosis and by hybridization. He was, 
however, unable to demonstrate the existence of 
‘parasitic races’ of this fungus; virulent isolates 
tended to be highly pathogenic on all thirty-six wheat 
varieties used in the tests. 

In her paper “Interaction, or Genetic Recombina- 
tion, between Potato Viruses Y and C’’, Dr. Marion 
Watson (Rothamsted) suggested that variation in the 
symptoms produced by inoculation of closely related 
virus strains may indicate the formation of mixed 
isolates of viruses. Experiments using potato viruses 
Y and C, which are serologically related, and are 
strains of the same virus, showed that viruses with 
attributes of both Y and C could be obtained from 
lesions produced by inoculating a mixture of viruses 
Y and C. Such new strains were obtained only when 
the viruses inoculated were related strains, and also 
possibly when the multiplication took place within 
the same host cells. 

Physiological specialization in Puccinia glumarum 
and Phytophthora infestans was discussed by Dr. 
D. A. Doling (National Institute of Agricultural 
Botany, Cambridge) with particular reference to race 
surveys. Such surveys supply information upon the 
number of races present and their relative frequency 
and distribution in particular areas. The value of the 
information obtained, however, depends very much 
on the organization of the actual collections. The 
identification of races presents problems of selection 
of suitable differential host varieties and of methods 
of inoculation and incubation. The most satisfactory 
host varieties are those containing known combina- 
tions of resistance genes. 

Dr. C. C. V. Batts (London) gave a historical 
account of the distribution of physiological races of 
Puccinia glumarum in Britain since 1946. During 
this period the number of races identified each year 
has declined, but new biotypes of two races were 
now important and were associated with the wheat 
varieties being grown. The system of international 
trials being carried out in Western Europe were an 
extension of the race survey technique discussed by 
Dr. Doling and were useful in determining the 
distribution of physiological races over a larger area 
and also in suggesting suitable resistant varieties. 
The race position in Ustilago tritici was discussed in 
relation to the reactions of differential varieties. The 
type of reaction produced is apparently dependent 
upon the location of the mycelium within the 
embryo. 

The problem of resistance to potato blight (Phyto- 
phthora infestans) was discussed by Dr. W. Black 
(Scottish Plant Breeding Station). Solanum demissum 
was a valuable source of resistance due to the hyper- 
sensitivity reaction, but from 1932 onwards the fungus 
has produced new races (now numbering at least 20) 
which could attack seedlings containing the R genes 
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from S. demissum. However, in addition to the R 
gene resistance, ‘field resistance’ was also known 
which is at present effective against all races. The 
approach now being made is to combine R genes 
with the ‘field resistance’, which is inherited poly- 
genically, so that varieties could be produced with a 
high level of resistance to some, and ‘field resistance’ 
to all, races. 

The final discussion was opened by Prof. C. T. 
Ingold who, after surveying the various methods used 
for identifying physiological races of pathogenic fungi, 
turned to the more genetical aspects of problems. 
He considered that the importance of the parasexual 
cycle was not fully appreciated and in the future 
needed further investigation on a broad front. 

This symposium drew together geneticists, viro- 
logists, pathologists and plant breeders who were 
involved in improving the productivity of crop plants. 
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It is to be hoped that this will be the first of a series 
of such joint meetings in which scientists of different 
disciplines can consider together topics of common 
interest. These discussions were, however, particu- 
larly opportune as the rapid advances made in micro- 
bial genetics, the information collected as a result of 
expanded breeding programmes and the experience 
gained in handling resistant varieties in the past 
decade, need careful integration if the undoubted 
benefits of disease resistance are to be fully exploited. 
Although few fundamentally new ideas emerged from 
the papers it was clear that the complexities of 
incorporating stable forms of resistance in commer- 
cially acceptable varieties were fully realized. There 
was nevertheless a feeling that, at least for some crops, 
the future promised an improved standard of disease 
resistance based largely upon mechanisms controlled 
by minor gene systems. R. C. F. Macer 


THE DEVELOPMENT OF SCIENCE IN SOUTH-EAST ASIA 


REGIONAL meeting, to discuss problems of 
organizing scientific research in South-East 
\sian countries, was held at Bandung, Indonesia, 
during December 9-12, 1959. It was organized 
jointly by the Unesco South-East Asia Science 
Co-operation Office and the Indonesian Council of 
Sciences, and was attended by senior representatives 
of the national research organizations or other 
appropriate bodies of the following countries: Aus- 
tralia, Hong Kong, India, Indonesia, Japan, Malaya, 
Philippines, Thailand, Republic of Vietnam, and 
New Zealand. The meeting was inaugurated with an 
opening address by the Minister of Education, 
Instruction and Culture of Indonesia, Prof. Prijono, 
in the National Planning Board building in Bandung, 
which had been the scene of the historic Afro-Asian 
Conference in 1955. Prof. Prijono emphasized that 
the development of science and technology has not 
always been accompanied by moral progress, and 
appealed to the delegates to apply their learning for 
universal development, based on the common needs 
of man. The president of the Council of Sciences of 
Indonesia, Prof. Sarwono Prawirohardjo, was elected 
chairman of the meeting. 

The business sessions of the meeting were held in 
the impressive headquarters of the National Science 
Foundation of Indonesia. From the outset of the 
discussions, stress was laid on informality. -It was 
believed that a frank exchange of views would be 
more beneficial than formal debates on a number of 
fixed points, and this indeed proved to be the case. 
The stages of scientific development of the countries 
attending the meeting varied considerably—some 
had long-established government scientific research 
organizations, whereas others had only recently set 
up such bodies. After a survey of the main features 
of government research organization in each country, 
delegates discussed some of the major organizational 
problems which they faced. One of these was to 
determine the optimum balance between fundamental 
and applied research which they should undertake. 
[t was recognized that developing countries have 
Inany urgent problems requiring immediate practical 
solution, and that it is usually easier to persuade 
governments to provide funds for research which has 
\ definite practical objective. The traditional role cf 


/ 


the universities in research is also to undertake 
fundamental work. Nevertheless, the meeting felt 
most strongly that it is essential for the health of 
national research organizations that they should be 
free to undertake fundamental work as they think 
desirable, and to approach any applied problem as 
basically as is necessary. 

Another problem was concerned with the proper 
responsibilities of a national research organization. 
These, of course, vary with the country concerned. 
In some countries of the region the national] scientific 
organizations are operating bodies, maintaining their 
own laboratories and employing their own staff; in 
others they are co-ordinating bodies advising their 
governments on development of policy and distribution 
of funds. The meeting stressed that in either case it 
is essential that the national scientific organization 
should have the maximum possible degree of auto- 
nomy of operation and in administering the funds 
provided for it by its government. 

The relative functions of universities and national 
research organizations were also discussed. It is 
essential that university research should be effective 
in training students in the practice and philosophy 
of research, and for this reason governments should 
be prepared to provide funds for university research 
without any conditions as to the projects on which 
they should be employed. 

One particularly interesting discussion covered the 
conditions for attracting and holding good scientists 
in the service of national research organizations. 
This is a vital matter, particularly for countries with 
national organizations in the early stages of develop- 
ment. The meeting placed great weight on the need 
for providing as liberal employment conditions as 
possible. Scientists look for autonomy of the organ- 
ization, and freedom from political interference and 
rigid departmental control ; the provision of suitable 
salaries and other conditions of service such as 
adequate equipment and trained assistance ; freedom 
of publication ; liberal travel grants and study leave, 
ete. It was also agreed that it is most important 
that the management of scientific organizations 
should be in the hands of scientists. 

As was inevitable at such a meeting, the provision 
of finance and resources for research came in for 
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considerable discussion. It was recognized that the 
main burden for this falls on governments, particu- 
larly in developing countries where the situation is 
made more difficult because there is little or no 
industry to provide additional funds. It was sug- 
gested that countries providing assistance for 
developing countries should be prepared to allocate 
a larger proportion of their aid funds for scientific 
research. It is essential, however, that a proper 
balance should be maintained between the provision 
of training opportunities in the shape of fellowships, 
ete., and the provision of equipment and facilities. 
Training is useless if the trainees do not have equip- 
ment and facilities available on their return to their 
home countries ; on the other hand, it is useless to 
provide expensive and complicated equipment if 
skilled staff is not available to use it properly. 

The encouragement of scientific research in 
developing countries through regional collaboration 
in such activities as conferences, symposia and 
training courses was a major topic of discussion. 
This led naturally to a discussion of the programme 
of the Unesco South-East Asia Science Co-operation 
Office, which is already fulfilling such an important 
role in the region. In relation to the needs, however, 
its resources are much too limited, and the meeting 
agreed that Unesco should be asked to make a greatly 
increased budgetary provision for its work in the 
area. The meeting agreed that the following activities, 
which are all urgently needed in the region, could 
appropriately be undertaken by Unesco: the pro- 
vision of information on research programmes being 
undertaken in the region and on facilities for training 
and technical assistance; the encouragement of 
symposia on scientific subjects of special interest to 
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South-East Asia ; the provision of training courses 
for technicians, and refresher courses for science 
teachers ; the encouragement of more visits to the 
region by scientists. The meeting suggested that the 
Unesco South-East Asia Science Co-operation Office 
should consider the possibility of arranging a meeting 
of librarians and documentation experts of the area. 
and it recommended that the present and proposed 
programmes of the Office in the fields of science 
teacher training, marine science research and humid 
tropics research should be confirmed and strengthened. 

The whole conference demonstrated clearly how 
effective international meetings on a limited scale can 
be in promoting understanding and friendship. 1 
believe that the meeting will have valuable practical 
results in increasing active collaboration between 
countries of the region in scientific matters. Many of 
them have scientific problems in common, and it was 
clear from the discussions at Bandung that they face 
many similar organizational and administrative 
problems in building up and strengthening their 
scientific organizations. The Unesco South-East Asia 
Science Co-operation Office is to be congratulated in 
taking the initiative in arranging the meeting, and it 
is obvious from the discussions that it can play a 
much greater part in the scientific life of the region 
if it can be provided with greater support. Such 
increased activity would be welcomed by all countries 
represented at the meeting. 

All the delegates to the meeting would agree that 
it was a most successful one, and they have carried 
away with them the happiest memories of the 
gracious hospitality of their Indonesian colleagues, 
and the exquisite beauty of the Java countryside. 

Guy B. GRESFORD 


RECENT ADVANCES IN COCONUT RESEARCH IN INDIA 


HE Agricultural College, Vellayani, Trivandrum, 
was the venue of the first conference of the 
coconut research workers in India organized by the 
Indian Central Coconut Committee, Ernakulam. 
India is the second largest producer of coconuts, a 
commodity occupying an important place in inter- 
national commerce. With the advent of the Indian 
Central Coconut Committee in 1945 and with the 
establishment of two Central Coconut Research 
Stations and seven Regional Research Stations in the 
different coconut-growing States of the country, 
coconut research has in recent years gained consider- 
able impetus and it was therefore quite opportune 
that research workers engaged from all over India 
should meet and discuss recent advances achieved 
in their field of work. The Conference was held 
during December 21—23, 1959, and was attended by 
more than seventy research workers, representatives 
of the Kerala Department of Agriculture and the 
Agricultural College, and some prominent coconut 
growers. Prof. L. 8S. 8. Kumar, principal of the 
Agricultural College, presided. Some forty-five papers 
were presented and discussed at the conference. 
Eleven papers covered the subjects falling under 
the purview of agronomy and general plant nutrition. 
In the first paper, by Mr. M. M. Krishna Marar and 
Dr. K. M. Pandalai (Kasaragod), the results of obser- 
vations made in some long-term (40-year) experi- 


mental plots on the coconut were presented. The more 
important of the conclusions drawn were that (1) 
regular inter-cultivation and manuring are necessary 
to step up and maintain the yield at high level, and 
(2) regular inter-cultivation by itself is highly effective 
in increasing the yields even in the absence of manur- 
ing. 

The same authors discussed in another paper the 
beneficial effects of nitrogen, phosphorus and potas- 
sium manuring on inducing flowering and bearing in 
adult non-bearing palms. Messrs. C. M. John and 
K. Jacob (Bangalore) reviewed the results of the 
extensive fertilizer demonstration scheme on coconuts 
carried out in growers’ holdings on the west coast of 
India and established that manuring with the 
standard dose of 0-75 lb. nitrogen, 0-75 Ib. phos- 
phate and 1-5 Ib. potassium together with 50—100 lb. 
green leaves per tree per year resulted in an in- 
crease of 35 per cent in terms of nuts, or 44 per 
cent in terms of copra, providing a net profit of 
Rs. 88-00 per acre. Miss K. Vijayalakshmi (Kasara- 
god) dealt with the various factors regarding moisture 
in soils of coconut plantations and outlined the various 
steps to be taken to conserve it. Messrs. T. Kailas 
Rao and T. Srirama Rao (Ambajipet) showed that 
for the alluvial soils of the coconut areas of Andhra 
Pradesh, sunnhemp is the most suitable green manure 
crop. The practices that have to be tackled when 
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introducing coconut cultivation on a large scale in 
new regions such as Assam were discussed by Mr. 

R. Nath (Kahikuchi). 

Certain aspects of the nutrition of the coconut 
palm were discussed by Dr. K. M. Pandalai and co- 
workers (Kasaragod). Dr. Pandalai showed that in 
the disorders or abnormal conditions such as foliar 
yellowing, chlorotic condition of the seedlings, petiole 
breaking, barren nut production, etc., met with in the 
coconut palm, there is a characteristic accumulation 
of nitrogen, phosphorus and potassium, etc., as 
compared with healthy tissues, suggesting some 
disturbance of optimum nutrient ratios, consequent 
inadequate metabolism and/or impaired transloca- 
tion. Mrs. C. K. Thankam (Kasaragod) provided 
relevant data to justify the above general biochemical 
pattern of nutrient maladjustment in respect of 
barcen nuts. Mr. P. L. Ramanandan (Kasaragod) 
dealing with the foliar yellowing condition of the 
palms, showed that it could be ameliorated to some 
extent by balanced nitrogen, phosphorus and 
potassium manuring supplemented with micro- 
nutrients such as molybdenum, copper and boron. 
Mr. C. K. Balakrishnan Nambiar (Kasaragod) 
showed that, in coconut seedlings, growth as well as 
leaf composition was correlated to a large extent 
with the composition of the growth medium, and that 
unbalanced nitrogen, phosphorus and potassium 
supply decreased growth and vigour and produced 
characteristic deficiency symptoms? Mr. N. G. 
Pillai (Kasaragod) traced the changes in the mineral 
composition of the different parts of the nuts, such as 
husk, shell, kernel and nut water, in the course of 
development from the button stage to ripe nut. 

Five papers dealt with subjects of botanical 
interest. Messrs. 8S. R. Gangolly, T. P. Gopalakrish- 
nan and co-workers (Kasaragod) presented data to 
show that synthetic growth-promoting substances 
uch as 8-indole propionic acid, B-indole butyric acid 
in suitable concentrations can bejused instead of 
coconut water along with 2,4-dichlorophenoxy acetic 
acid for arresting button shedding in the coconut 
ind promoting satisfactory growth of nuts. In 
another paper Messrs. 8. R. Gangolly, M. C. Nambiar, 
Rama Varma and K. M. Pandalai discussed the 
distribution of coconut pollen in the atmosphere in 
relation to weather factors such as humidity, maxi- 
mum and minimum temperature, sunshine, etc. 
Mr. R. Gopinathan Nair (Kasaragod), in tracing the 
anatomical development of the coconut fibre, showed 
that the fibre strands begin to differentiate in the 
ovary wall of the female flowers four to five months 
prior to the opening of the spathes, and that they 
srow for the main part into typical fibrovascular 
bundles having a few xylem and phloem elements 
surrounded by a sheath of fibrous cells. Messrs. 
R. V. Pillai and K. Satyabalan (Kasaragod) in their 
paper described the seasonal variations in the 
yield and nut characteristics of thirteen exotic 
cultivars of the coconut, and showed the existence of 
inherent variations among them. Mr. Josy Joseph 
Kasaragod) in his paper showed that F, progeny 
seedlings of 7’ x D (open pollinated or control 
pollinated) were better than F', in vigour as judged 
by vegetative characters relating to growth. 

\s many as thirteen papers dealt with the different 
aspects of the investigations on the diseases of the 
coconut palm. Mr. U. K. Nair and Dr. K. Radha 
KXayangulam) presented data to show that manuring 
and spraying were generally effective in reducing the 
adverse effects of the leaf disease. Miss T. O. Prasan- 
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nakumaci, Dr. K. Radha and Mr. V. C. Kurian 
(Kayangulam) dealing with the efficiency of different 
copper fungicides for the control of leaf disease con- 
cluded that Bordeaux mixture, Kirti copper and 
‘Fungimar’ were more effective than the others 
tried. 

Dr. P. Shanta, Dr. K. P. V. Menon and co-workers 
(Kayangulam) presented four papers dealing with 
their investigations on the virological aspects of the 
wilt disease of the coconut palm. In the first paper 
they presented results that tend to support the 
virus hypothesis of the wilt disease. In their second 
paper they described the host-range of the virus, and 
showed that the virus can be experimentally trans- 
mitted to cowpea seedlings by sap inoculation. In 
another paper Dr. P. Shanta, Dr. K. P. V. Menon 
and Mr. K. J. Thommen (Kayangulam) adduced 
evidence to show that chlorosis and flaccidity of 
the leaves in the diseased coconut palms are only 
secondary symptoms brought about by the forma- 
tion and accumulation of toxic materials in the 
leaves. Dr. K. Radha and Mr. T. 8. 8. Rawther 
(Kayangulam) reported negative correlation between 
the rhizosphere fungi and rainfall conditions in their 
studies on the influence of seasonal factors on the 
rhizosphere microflora with reference to the wilt 
disease in the coconut palm. 

A series of seven papers on the chemical studies 
on the leaf and wilt disease of the coconut were 
presented by Messrs. E. J. Verghese, M. P. Sankaran- 
arayanan, 8. Robert Cecil, M. K. C. Nair and A. 8. 
Mathew (Kayangulam). In the first two papers they 
reiterated the salient features of observations made 
on the incidence of the root and leaf diseases of the 
palms, and provided data which confirmed the earlier 
findings regarding the accumulation of major nutri- 
tient factors in the diseased tissues. Different 
aspects relating to the changes in the concentration 
under water-logged conditions, particularly of possible 
toxic agents such as ferrous iron, aluminium, organic 
acids, etc., which could injure plant tissue, were 
discussed in the third paper. The results of soil 
survey of healthy and diseased coconut gardens to 
throw light on the influence of soil conditions in 
relation to the disease formed the subject of another 
paper. The ineffectiveness of lime, ash and Chilean 
nitrate to improve the condition of diseased trees was 
reported in two other papers by Messrs. M. R. 
Chettiar, E. J. Verghese, P. C. John, P. V. Channey 
and M. P. Sankaranarayanan. In the last paper of 
the series it was concluded that cadmium toxicity 
is not a factor associated with the disease condition 
of the coconut palm. 

Six papers presented results of investigation on 
the pests of the coconut palm. Messrs. K. R. Mohan 
Rao and C. Seshagiri Rao (Ambajipet) described the 
different pests of the palm prevalent in the Andhra 
Pradesh, and gave an account of the biological method 
of control adopted by them against Nephantis 
serinopa. Mr. G. B. Pillai and Dr. C. Kurian (Kayan- 
gulam) in their work on the insecticidal efficiency 
of dieldrin concluded that 0-05 per cent is the 
optimum minimum concentration for use against 
Nephantis serinopa. Reporting the results of several 
insecticidal trials against Rhynchophorus ferrugineus 
F., Mr. K. Mathen and Dr. C. Kurian (Kayangulam) 
held the view that both larve and adults suffered 
92 per cent mortality of grubs at 0-5 per cent and 
100 per cent mortality of adults at 0-1 per cent, 
seven days after treatment, endrine giving best 
results. 
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The results of observation on the incidence of the 
rhinoceros beetle and the extent of damage done by 
it under field conditions were presented by Mr. 
C. P. Ramachandran and Dr. C. Kurian (Kayan- 
gulam). Detailed studies of Perisierola nephantidis, 
an ectophagous larval parasite of Nephantis serinopa, 
were reported by Mr. J. Antony and Dr. C. Kurian. 
Mr. K. V. Joseph (Vellayani), based on the work 
done by him, emphasized the need to exercise 
caution in the matter of using DDT for large-scale 


MEDICAL RESEARCH IN 


HE fifth annual scientific conference organized 

by the Standing Advisory Committee for Medical 
Research in the British Caribbean was held at the 
University College of the West Indies, Jamaica, 
during April 2-4. The topic for the meeting was the 
application of the laboratory to problems of clinical 
medicine. Doctors from the Caribbean islands, 
British Guiana, British Honduras, the Bahamas, 
Great Britain and the United States attended. 
Thirty-five papers were read and discussed. Prof. 
A. C. Frazer (University of Birmingham) took the 
chair on the first day. 

The first session was devoted to cardiovascular 
disorders. A number of hospital studies and field 
surveys were reported from Jamaica, Trinidad, 
British Guiana and St. Kitts, by Drs. J. A. Tulloch, 
G. Wattley, H. Hamilton and K. Stuart. Hyperten- 
sive heart disease was the most common cardiac 
cause for hospital admission followed by luetic and 
then rheumatic heart disease. Acute rheumatic 
fever was common, and in Trinidad affected the East 
Indian to a greater extent than the Negro. Cor 
pulmonale was uncommon in both Trinidad and 
Jamaica, but was seen with greater frequency in 
British Guiana. In British Guiana and Trinidad it 
occurred almost exclusively in the East Indian. No 
satisfactory explanation of this racial difference was 
forthcoming. Myocardial infarction was uncommon 
in all the territories. This was of interest as aortic 
atheroma is as common in Jamaica as in the United 
States of America, although coronary artery atheroma 
is less severe in Jamaica than in the United States. 
The association of aortic and coronary atheroma with 
essential hypertension, diabetes, age and sex was 
discussed by Dr. W. B. Robertson. The importance 
of heart disease in the general population was illus- 
trated by the report from Barbados of a chest X-ray 
survey of 3,000 subjects. This showed a 10-7 per cent 
incidence of cardiovascular abnormality, and a con- 
siderable proportion of these had a positive serological 
test for syphilis. Yaws has not been recognized in 
Barbados for many years. This stressed the fact that 
symptomless cardiovascular syphilis may be more 
common than has been thought and therefore poses 
an important public health problem. In the discus- 
sion of this paper the urgent need for a test, serological 
or otherwise, that will differentiate syphilis from yaws 
was stressed. 

Hypertension is common and field surveys carried 
out in Jamaica and St. Kitts were reported by Dr. 
K. L. Stuart. The levels of blood pressure in St. 


Kitts were slightly higher than those reported by the 
Medical Research Council team in South Wales, 
whereas in Jamaica the figures were comparable to 
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spraying in coconut areas because of the risk involves 
in adversely affecting the population of parasited 
and predators that normally help to keep pests 
under control in Nature. 

Other papers were presented and discussed, and 
some were submitted only. All the papers submitted 
for the Conference are being printed as a special 
volume of the Indian Coconut Journal (published by 
the Indian Central Coconut Committee, Ernakulam, 
South India). K. M. PANDALAI 


THE BRITISH CARIBBEAN 


those from South Wales. An investigation into the 
occurrence of significant bacilluria in the general 
population was also reported by Dr. Stuart. There 
was a considerably higher incidence of bacilluria in 
the hypertensive female, and this increased with 
parity. The relationship of bacilluria to hypertension 
was discussed, and the possibility that pyelonephritis 
was responsible for the greater incidence of hyper- 
tension in the elderly female was suggested. A post- 
mortem study of hypertensive cases reported by Drs. 
Ling and Stuart did show that renal hypertension was 
responsible for 50 per cent of the cases, and that 
chronic pyelonephritis accounted for one-third of 
the renal cases. 

Diabetes mellitus was discussed at the second 
session. It was pointed out by Dr. J. A. Tulloch that 
the prevalence of diabetes in Jamaica was a little 
more than | per cent of the adult population, and that 
only about 40 per cent of the cases were already known 
to have diabetes. The xtiology was reviewed and 
was considered to be very similar to that reported 
from temperate countries. A consideration of the 
J type cases was reported by Drs. D. MacIntosh and 
J. Tulloch, which indicated that this was not a distinct 
type, but was a phase in the natural history of the 
badly treated type II patient. The results of treat- 
ment with chlorpropamide were reported from 
Trinidad by Dr. T. Poon-King. A considerable 
proportion of his cases responded satisfactorily. 
The distribution of blood groups in diabetic subjects 
was also reported from Trinidad. In both male and 
female cases there was a low incidence in group O. 
Males showed an excessive group B and females an 
excess of group A over that occurring in the local 
population. A study of liver enzymes in human 
diabetes was reported by Dr. 8. J. Patrick. This 
largely confirmed animal experiments. 

On the second day Prof. E. T. C. Spooner (London 
School of Hygiene and Tropical Medicine) took the 
chair. Dr. R. D. Montgomery of the Medical Research 
Council Tropical Metabolism Unit reported that the 
oxygen uptake per unit of body weight was not 
reduced even in severe malnutrition. During recovery 
the increase became much greater and evidence was 
given that this was related to thyroid activity. Drs. 
J.C. Waterlow and D. I. M. Picou reported prelimin- 
ary observations from isotope studies that, in protein 
malnutrition, the economy of protein is achieved 
not by a decreased rate of katabolism but by an 
increased degree of re-utilization. Although the extent 
of protein synthesis may be reduced through shortage 
of supplies, the capacity for synthesis seemed in 
most cases to be unimpaired. The occurrence of 
magnesium deficiency in malnutrition was reported 
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by Dr. R. D. Montgomery. This paralleled potassium 
deficiency and supported the concept of a primary 
loss of intra-cellular constituents. Further investiga- 
tions into the megaloblastic anzmia noted in mal- 
nourished infants was reported by Drs. Maclver and 
Back. They showed that the cause was a dietary 
deficiency of folic acid, and vitamin B,, was not 
implicated. Dr. MacIver also reported on the nature 
of the severe anzemic episodes in sickle-cell disease 
and showed that these were of two types. In one 
folic acid deficiency was the etiological factor and in 
the other there was an acute aplastic state. A possible 
relationship of this latter state to preceding infection 
was suggested. Non-Addisonian vitamin B,, defici- 
ency in the adult was reported from Trinidad by 
Dr. G. Habib. All the cases were Hindus and with 
one exception they were strict vegetarians eating no 
eggs, meat, fowl or fish. It was considered that 
poverty and a vegetarian diet combined to produce 
this deficiency state. 

A field survey on the size of liver in apparently 
healthy children was reported by Dr. C. G. Miller. 
Hepatomegaly was found in about 95 per cent of all 
children under the age of 12 years. Its presence was 
not related to malnutrition, but the possible role of 
infection was considered. The autopsy incidence of 
cirrhosis of the liver, as noted at the University 
College Hospital of the West Indies, was much the 
same as in America. One-third of all cirrhosis cases 
resulted from veno-occlusive disease of the liver. 
Liver cancer occurred with moderate frequency. 
This was @ more common finding than in Denmark, 
but was much less common than in Africa. Hepato- 
cellular carcinoma was more common than cholangio 
carcinoma and occurred particularly in the young 
adult male. 

Virological investigation of human yellow fever 
cases in Trinidad was reported by Dr. W. G. Downs 
of the Trinidad Regional Virus Laboratory. The 
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cases noted in 1959 were diagnosed by isolation of 
virus from the blood and the difficulty of serological 
diagnosis was stressed. The clinical occurrence of 
encephalitis in Jamaica was analysed by Dr. R. A. 
Irvine and it was noted that sequele were a common 
occurrence. The intra-dermal innoculation against 
Asian influenza was discussed by Drs. M. M. Sigel 
(Miami University) and L. 8. Grant. In their opinion 
the intra-dermal injection of antigen would engender 
an antibody response and such a method could well 
be adopted in an emergency during epidemics before 
large supplies of suitable antigens became available. 

Prof. G. Bras took the chair on the third day. The 
possibility that the unusual spastic neuropathies seen 
and reported from Jamaica were related to treponemal 
infection was considered by Dr. R. D. Montgomery 
(Medical Research Council). It was argued that the 
neuropathy could be a late manifestation of trepone- 
mal infection, whether venereal or otherwise, and 
that it could be due to a strain acting as a poor 
antigenic stimulus, but producing a typical meningo- 
vascular lesion in the nervous system. A second 
neurological disorder noted in Jamaica, that of spinal 
arachnoiditis, was reported by Prof. E. K. Cruick- 
shank and Dr. P. E. Rodgers. The etiology of the 
condition was largely unknown, but it had been 
found that cases seen early in the disease responded 
well to cortisone administration. An investigation 
into tropical plants used for medicinal purposes was 
reported by Prof. Haynes. It had been found that 
the breadfruit contained y-aminobutyric acid, and 
this factor gave rise to a slight reduction of blood 
pressure in the anesthetized dog. Other plants had 
also been shown to contain this substance. 

The meeting was brought to a close by Prof. 
Bras who thanked all contributors and all visitors 
from the many islands, Great Britain and the United 
States for attending the conference. 


J. A. TuLLoce 


ABUNDANCES OF THE RARE-EARTH ELEMENTS, LANTHANUM 


TO LUTETIUM, 


IN CHONDRITIC METEORITES 


By Dr. R. A. SCHMITT, A. W. MOSEN, C. S. SUFFREDINI, J. E. LASCH, 
Dr. R. A. SHARP* and D. A. OLEHY 


John Jay Hopkins Laboratory for Pure and Applied Science, General Atomic 
Division of General Dynamics Corporation, San Diego, California 


T ‘HE abundance distribution of nuclear species is 
considered an important requisite for a satis- 
factory theory of nucleogenesis'-*. Compilations of 
cosmic abundances of the elements have been pub- 
lished by Goldschmidt, Brown, Urey, Aller, Suess and 
Urey!, and Cameron?, and others. It has been found 
that the relative cosmic abundances vary by a factor 
of ~ 10!8, and decrease logarithmically and rather 
smoothly from the lightest to the heaviest elements. 
Rules of relative atomic abundances, for example, 
regular and smooth decrease in the abundances of 
those odd-mass-number nuclides which have masses 
greater than ~ 50, were assumed to be valid for all 
elements, because it had been observed that the 
rare-earth elements (lanthanum to lutetium) showed 
* Present address: Sharp Laboratories, Inc., La Jolla, California. 


a regular and smooth decrease in their abundances'. 
Since it is well known that the fourteen rare earths 
possess a high degree of chemical similarity, because 
of the filling of the 4-f electron shell far inside the 
valence electrons, the rare earths are assumed to have 
migrated geochemically through time and space as 
an ‘entity’*. Consequently, accurate determinations 
of the abundances of rare earths in primordial matter 
are required in order to establish empirical relation- 
ships among the abundances of elements formed in 
nucleogenesis. 

Noddack, using X-ray spectroscopic techniques’, 
has determined the abundances of the rare earths in 
composite mixtures of chondritic and achondritic 
meteorites (~9 parts of chondrite to 1 part of 
achondrite in the mixtures) ; and Minami® has used 
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Table 1. ABUNDANCES OF RARE EARTHS IN THE CHONDRITIC METEORITES: ALLEGAN AND RICHARDTON 
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n = See -_ ee — ———— —— ee » | 
| Elemental abundances — | 
| ae  _capeeeemempmenmel aupeedisssemeneedl one 
Radio- | Isotopic abundance¢ :. . | By Suess By | 
Ele- Isotope | active | (atoms/10* Si atoms) | | Allleg. 6 | Rich.o | Alleg.c | Rich. et I. by and Urey/ | Camerong | 
ment | measured! isotope Noddacké | Minami¢| (atoms/ (atoms/ 
~ = —_—|——_—_'—__—_| (gm./10* |(gm./10*| 10° 10* 
| ~ (atoms/10° Si gm.)¢ gm.)¢ | Si atoms) | Si atoms) 
Allegan | Richardton a toms) gm./10* gm.) | | | 
| La-57 | La-189 | La-140 0-41 ~ 0-39 l 0+ 0-41 | #O-39 r 0-33 | 0-32 | 2-05 18-0 | 2-00 0-50 } 
(40-02) | (40°02) 
Ce-58 | Ce-142 Ce-143 0-073 0-664 0-574 | 0-55 0-48 | 2-30 46°0 | 2-26 0-58 
| (+0-012) (40. 008) | 
Pr-59 | Pr-141 Pr-142 | 0-15 0-14 | O-15 0-14 0-12 0-12 0:97 56 | 0-40 0-23 
(+0-01) (40-02) | 
Nd-60 | Nd-146 Nd-147 0-13 0-12 0:77 | 0-70 065 | 0-61 3-37 | 24-0 1°44 | 0-87 
} (40-02 (+0-01) 
Sm-62 | Sm-152 | Sm-153 0-072 0-058 0:27 0-22 | O-24 0-20 | 1-23 6-5 0-66 | 0-24 
| (+0-003) (+0-002) | | | 
Eu-151é | Eu-152» | 0-050 0-044 | 0-105 0-092 0-091 0-081 | 
| (40-002) (+0-002) 
Eu-63 | | os0 | 12 | O19 | O-12 
Eu-1515 | Bu-152 0-046 0-044 0-096 | 0-092 | 0-083 | 0-079 | 
(+0-002) (40-002 | 
Gd-158 | Gd-159 | 0-092 0-074 0:36 | 0:30 | 0-34 | 0-28 | | 
Gd-64 | (40-009) (40-015) | 1°84 6-3 0-68 0:52 
Gd-160 | Tb-161 0-080 0-092 0-36 0-42 | O-34 0-40 | 
(40-012 (+0-006) 
Tb-65 | Tb-159 Tb-160 0-054 0-057 0-054 0-057 0-049 0-053 0-58 0-9 0-096 0-090 
(+0-004) (40-003) 
Dy-66 | Dy-164 | Dy-165 0-116 0-100 0-41 0-36 0-39 0-34 2:34 4-5 0-56 } 0-67 
(+0-007) (+0-005) | 
| Ho-67 | Ho-165 | Ho-166 0-086 0-070 0-086 0-070 0-082 0-068 0-66 1-2 0-12 0-18 
(+0- D007) | (40-009) | 
Er-168 Er-169 | 0-058 - 0-20 | 0-20 | 
Er-68 (+0-008) | 1-93 2-5 0-32 | 0-58 
Er-170 Er-171 0-034 0-030 0-23 0-21 | 0-22 | 0-21 } 
| (40-004) (+0-002) 
Tm-69 | Tm-169 | Tm-170 0-044 0-033 0-044 | 0-033 | 0-043 0-033 0-34 0-20 | 0-032 | 0-090 
(+0-004) (+0-002) | | | 
Yb-168 Yb-169 0 -00026 0 -00026 0-20 0-18 0-20 0-19 | 
Yb-70 | (+0-00006) | (+0-00001) 1-85 2-7 0-22 | 0-39 
Yb-174 Yb-175 | 0-064 0-058 0-19 0-19 | 0-19 0-19 
(+0-004) (40-003) | 
Lu-175 | Lu-176 0-024 -- 0-035 — | 0-085 — 
Lu-71 (40-007) | | 0-60 07 0-050 | 0-036 
Lu-1764 | Lu-177 0-00106 0 -00085 0-041 0-033 | 0-041 0-033 


(+0°-00010) (+0-00004) 





« Abundances are given for the isotopes listed in column 2. Measurements of the abundances of the isotopes in column 2 were obtained 
from the radioisotopes listed in column 3. Errors represent the over-all standard deviation error, which is primarily due to counting statistics. 

>’ Elemental abundances were calculated by assuming that terrestrial isotopic ratios are identical tc meteoritic isotopic ratios. Errors in 
the elemental abundances may be obtained from the isotopic abundance errors given in columns 4 anc 

e 7, om are expressed as grams of element per 10° gm. of meteorite. Errors may be obtained from the isotopic abundance errors in columns 

and 5 

a See ref. 5. Abundances are given only to significant values. 

¢ See ref. 6. Abundances are given only to significant values. 

J See ref. 1. Suess and Urey chose the rare-earth abundances of Minami (see ref. 6) for inclusion in their cosmic-abundance table. The 
abundances listed in column 12 are the Suess—Urey interpolated values which gave the best fit between lower and higher mass elements imme- 
diately preceding and following the rare-earth elements. 

@ See ref. 2. Cameron chose the rare-earth abundances of Noddack (see ref. 5) for inclusion in his abundance table and normalized the 
Noddack abundances by fitting the lanthanum and barium abundances in an approximate manner. We have listed the values of Cameron to 
two significant numbers. 

+ Elemental abundances of cerium were also determined through the neutron-capture reaction Ce-140 (n,y)32-day Ce-141 and were found 
to be 0-88 and 0-90 atoms/10* silicon atoms for Allegan and Richardton, respectively. These values may be high due to possible contamination. 
The abundances of cerium are being checked by different chemical manipulations. The abundance of cerium as determined through 33-hr. Ce-143 
is considered to be reliable. 

‘ Abundances were determined via the 9-3-hr. upper isomeric state of Eu-152™. 

ij Abundances were determined via the 13-yr. lower isomeric state of Eu-152. 

* It was calculated that the abundance of Lu-176 may be too high by ~5 per cent, because the Lu-176 abundance was determined through 
the radioisotope Lu-177, which is produced by two rare-earth neutron-capture reactions in Lu-176 and Yb-176, with the activated radioisotope 
Yb-177 decaying to Lu-177. 





X-ray spectroscopy to ascertain the rare-earth 
abundances in shales (~ 10° yr. old). If meteoritic 
and terrestrial matter originated from the same 
process, then the relative abundances of the rare 
earths in shales and in meteorites should be very 
similar. By comparing the data of Minami® and 
Noddack®’, it was found that the abundances of the 
light rare earths relative to those of the heavy rare 
earths were about eight times greater in shales than 
in meteorites (see Table 1). 

In order to resolve this difference, it was suggested 
by Hans E. Suess, of the University of California, 
La Jolla, that the abundances of the rare earths in 
chondritic meteorites should be accurately determined 
by using the new and powerful technique of neutron 
activation. 


At the initiation of the present work, chondritic 
meteorites had been considered by Urey! as most 
representative of the non-volatile primordial matter 
of the solar system. The feasibility and reliability of 
measuring the abundances of elements present in 
concentrations of one part per million or less in 
meteorites has been demonstrated by a great many 
geochemists’. 

Abundances of all the rare-earth elements (lan- 
thanum to lutetium), with the exception of the 
unstable element promethium, were determined in 
two chondritic meteorites, Allegan and Richardton, 
by the neutron activation technique. Five-gram 
samples of the meteorites and all fourteen rare-earth 
standards (spectroscopic purity grade) were irradiated 
simultaneously in the General Atomic T'riga reactor 
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Fig. 1. Average elemental abundances (in gm. of rare earth per 
10° gm. of meteorite) in the chondrites Allegan and Richardton. 
Solid circles are values of this work ; crosses are values by Noddack 
(see ref. 5) normalized to the lanthanum abundance of this work. 
The solid curve connects the odd-A abundances of this work. The 
average standard deviation (SD) errors for average elemental 
abundances of this work are +9 per cent; Noddack’s errors are 
given as equal to or less than +4 per cent as SD 


in a neutron flux of about 2 x 10'* neutrons/cm.?/sec. 
The meteoritic specimens and the rare-earth standards 
were placed in separate containers in a rotating 
circular rack in the reactor, so that all the containers 
were exposed to the same neutron flux. Subsidiary 
experiments showed that the neutron spectra were 
identical (+ 3 per cent) in the flux for the pertinent 
neutron-capture energies in both the meteoritic 
specimens and in the standards. 

After neutron irradiations of about 2 hr., the 
meteorite samples were immediately subjected to 
standard radiochemical manipulations in order to 
separate the activated rare earths resulting from 
neutron-capture reactions from other activated 
elements present in the highly radioactive meteoritic 
specimens. Pure rare-earth carriers in the form of 
rare-carth oxides wers added to the irradiated 
meteorites before the sodium peroxide fusion of the 
meteoritic sample. After radiochemical decon- 
tamination, the activated rare earths were separated® 
by being passed through ‘Dowex 50W’ x 12, minus 
100 mesh, ion-exchange resin. (The resin was 
especially prepared by Bio-Rad Laboratories, Rich- 
mond, California. The settling-rate of the fine resin 
was 0-5-2-0 cm./min.) 

In the determination of the abundances, the final 
separated rare-earth carriers and the irradiated rare- 
earth standards were counted in both ordinary and 
automatically operated well-type scintillation spectro- 

eters, with 1% in. x 2 in. sodium iodide (TI) 
rystals. Almost all neutron-activated rare earths 
decay by negatron emission accompanied by gamma 
emission, and thus lend themselves to y-ray spectro- 
scopy. It was necessary to count only two of the 
rare earths by the standard beta-counting method— 
thulium-170 and erbium-169. Each of the rare earths 
was identified: (1) by observing the order of ion- 
exchange elution; (2) by comparing the rare-earth 
vyamma spectra, taken by a 256-channel analyser, 
with the spectra of the rare-earth standards; and 
3) by following the decay of the rare-earth elution 
peaks and of the rare-earth standards over a few 
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half-lives, either by counting all gamma disintegra- 
tions (integral counting), or by counting selected 
gamma rays of the radioisotopes. The radiochemical 
yields of the rare-earth carriers were ascertained by 
comparing the activities resulting from neutron 
activation analysis of the decayed carriers with those 
resulting from analysis of a known amount of the 
individual rare earths. 

Results of the determination of rare-earth abund- 
ances in the two chondritic meteorites, Allegan and 
Richardton, are given in columns 1-5 of Table 1. 
The elemental abundances have been calculated with 
the assumption of identical isotopic abundances for 
rare-earth elements in meteoritic and terrestrial 
matter and are given in columns 6-9 of Table 1. 
(The validity of this assumption is verified for the 
rare-earth region by comparing the meteoritic 
abundance ratios of the isotope pairs gadolinium-158/ 
gadolinium-160, erbium-168/erbium-170, ytterbium- 
168/ytterbium-174 and _ lutetium-175/lutetium-176 
with terrestrial abundance ratios.) For comparative 
purposes, the X-ray spectroscopic elemental abund- 
ances in meteorites, as determined by Noddack, and 
in shales, as determined by Minami, are included in 
the table. Also included are the values given by 
Suess and Urey' and by Cameron? in their cosmic 
abundance compilations. 

The average elemental abundances in the chon- 
drites Allegan and Richardton, expressed in grams of 
rare earth per 10° gm. of meteorite (p.p.m.), are 
plotted in Fig. 1 as solid circles. For comparison, 
Noddack’s meteoritic values (crosses) have been 
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Fig. 2. Average abundances (in atoms per 10° silicon atoms of 
the rare earths) in the chondrites Allegan and Richardton, for 
both even A and odd A. Solid circles are odd-A and solid triangles 
are total even-A abundances. Solid and dashed lines connect 
the odd-4 and total even-A abundances, respectively. Average 
errors of abundances for A < 176 are ~10 per cent as SD. Errors 
for A > 177 are somewhat indeterminate 













866 NATURE 


included in the figure and are normalized to our 
lanthanum abundance. A solid curve has been 
drawn through the odd-mass abundances in Fig. 1. 

Again assuming terrestrial isotopic abundances for 
the rare earths in meteorites, the abundances for all 
rare-earth isotopes were calculated. These were then 
used to calculate total isobaric abundances of even A 
and odd A and were incorporated with the abundances 
for elements immediately preceding and following the 
rare-earth group. The abundances plotted in Fig. 2 
are the average values for the chondrites Allegan and 
Richardton and are expressed in units of atoms per 
10° silicon atom. The elemental abundance peaks at 
A 137 and 138 were calculated from the recent 
barium abundance values in ‘ordinary’ chondrites 
given by G. W. Reed e¢ al.*. Values for A < 138 and 
A > 176 are those of G. W. Reed et al.®, and of Suass 
and Urey’. The solid line in Fig. 2 connects tho 
odd-A abundances and the dashed line connects the 
total even-A abundances. 

From the data presented in Table 1 and in Figs. 1 
and 2, the following observations are noted. First, 
after normalization of the Noddack data to these 
data, the X-ray spectroscopic data are about + 30 per 
cent at variance with the abundances of the present 
work. Secondly, the abrndances of even-atomic- 
number elements are indeed larger, by roughly a 
factor of four, than those of the odd-atomic-number 
elements. Thirdly, the elemental abundance of 
europium in Richardton (0-080 p.p.m.) as determined 
in this work agrees well with the abundance of 
europium in Richardton (0-079 p.p.m.) found by 
Bate et al.’°. Fourthly, a smooth decrease in abund- 
ances is found for both odd A and total even A from 
A w 137 to A & 150. A smooth perturbation in the 
gradual decline in abundance of both odd A and total 
even A is noted between A w 150 and A w& 170, 
with a peak at A ~ 163. This has been explained by 
Becker and Fowler" from considerations of the rapid 
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neutron-capture process in supernove and the 
spheroidal nuclear deformations in the rare-earth 
region. Fifthly, the meteoritic isotopic ratios of 
gadolinium-158/gadolinium-160, erbium-168/erbium- 
170, ytterbium-168/ytterbium-174 and lutetium-175 
lutetium-176 agree, within experimental error, with 
the corresponding terrestrial abundances. 

At Generali Atomic, work is in progress to re- 
determine the cerium-140/cerium-142 isotopic ratio 
in chondritic meteorites, and it is planned to ascertain 
the rare-earth abundances in achondrites and irons. 
Complete details of this work will be published 
elsewhere. 

We wish to thank Prof. Hans E. Suess, of the 
University of California, La Jolla, for suggesting this 
problem and for helpful discussions. Also, we thank 
Prof. Harold C. Urey, of the University of California, 
La Jolla, and Prof. John W. Irvine, jun., of the 
Massachusetts Institute of Technology, for their sug- 
gestions. The Allegan meteorite was obtained through 
the courtesy of Prof. Hans E. Suess; Richardton 
was obtained through the courtesy of Dr. Brian 
Mason, of the American Museum of Natural History. 
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INHIBITION OF THE ANAPHYLACTIC RELEASE OF HISTAMINE FROM 
CHOPPED GUINEA PIG LUNG BY CHYMOTRYPSIN 
SUBSTRATES AND INHIBITORS 


By Dr. K. F. AUSTEN* and Dr. W. E. BROCKLEHURST 


National ‘Institute for Medical Research, Mill Hill, London, N.W.7 


T has been observed that the anaphylactic release 

of histamine from sensitized guinea pig lung 
requires a heat-labile factor’, which is probably 
enzymic, and can be inhibited by diisopropylfluoro- 
phosphate*. These findings prompted us to study the 
effect of peptidase substrates and inhibitors on the 
anaphylactic release of histamine from sensitized 
guinea pig lung. 

Guinea pigs were sensitized by injection of 10 
per cent egg albumin in 0-5 per cent phenol, | ml. 
intraperitoneally and 1 ml. subcutaneously. Approxi- 
mately three weeks later the lungs were excised and 
blood was removed by perfusion through the pul- 
monary artery for 10 min. with Tyrode’s solution at 
37° C. The lung tissue was chopped into rods 
0-4 mm. x 0-4 mm. x 5 mm., washed, and divided 


* U.S. Public Health Service Postdoctoral Research Fellow. 





into some 24 samples of about 100 mgm. wet weight 
These were incubated in Tyrode’s solution at 37° C. 
for 45 min. and then washed twice with Tyrode’s 
solution. Immediately after the second wash each 
sample of tissue was immersed in 3-0 ml. Tyrode’s 
solution with or without the potential inhibitor and 
10 sec. later the antigen, 0-1 mgm. ovalbumin per 
ml. reaction mixture, was added. After incubation 
for 15 min. at 37° C. the supernatant fluid was 
removed from the tissue and kept at 0° C. until it 
was assayed the same day using the isolated ileum 
of the guinea pig. Addition of antigen caused the 
release of 0:3-0-6 ugm. histamine per sample. Any 
potential inhibitor was always studied in four replicate 
tubes ; three of the samples received antigen and the 
fourth served as a control for spontaneous release of 
histamine. 
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Table 1. COMPOUNDS WHICH FAIL TO INHIBIT THE ANAPHYLACTIC 
RELEASE OF HISTAMINE FROM CHOPPED, SENSITIZED GUINEA Pia LUNG* 


No. 4728 





Peptides and 

polypeptides | 
Glycylglycine 
DL-Alanylglycine 
Acetylglycine 
Acetyl-L-lysine | 


Esters, amides and 
hydrazides 
Benzoyl-L-arginine 
methyl ester 
Benzoyl-L-argininamide 
L-Lysine methyl] ester 


Amino-acids 
L-Tryptophan 
L-Tyrosine** 
L-Phenylalanine 
L-Arginine 








L-Lysine Diacetyl L-lysine ethyl L-Glutathione 

L- Leucine estert (reduced) 
L-Valine Diacetyl L-lysine Soy bean trypsin 
L-Glutamic acid hydrazidet inhibitort 
L-Cysteine L-Glutamic ethyl ester 


Glycine 
DL-Alanine 
DL-Aspartic acid 


* Compounds producing less than 25 per cent inhibition at a con- 
centration of 20 mM were termed non-inhibitory. 

** Because of water insolubility L-tyrosine could not be tested at 
creater than 5 mM. 

+ Because of limited supply these compounds could not be tested at 
vreater than 10 mM. 

t Test concentration was 2 mgm./ml. reaction mixture. 


In Table 1 are listed the compounds which failed 


to inhibit histamine release at a concentration of 


20 mM. The levorotatory forms of all amino- 
acids studied were non-inhibitory. The esters and 
amides of arginine and lysine, which are specific 
trypsin substrates*, were not inhibitory, and neither 
was soy bean trypsin inhibitor at 2 mgm./ml. In 
addition, -+;-glutamyleysteinylglycine (glutathione), 
and several dipeptides and N-acetyl] amino-acids 
were non-inhibitory. 

The compounds which consistently produced more 
than 50 per cent inhibition of the anaphylactic 
release of histamine are recorded in Table 2. The 
first group are esters or amides of L-tyrosine and 
L-phenylalanine which are typical chymotrypsin 
substrates’. The observation that the esters are 
better inhibitors than the amide is consistent with the 
fact that the esters are much more susceptible sub- 
strates than the amide*. The bifunctional chymotryp- 
sin inhibitors 8-phenyl-propionic acid, §-indoleacetic 
acid and §-(8-indole)propionic acid produced more 
than 50 per cent inhibition at 2-5 mM while the 
racemic aromatic amino-acids and their dipeptides 
or N-acetyl derivatives required a concentration of 
eight times as much to accomplish the same inhibition. 
Indole, the most potent monofunctional chymotryp- 
sin inhibitor studied by Huang and Niemann‘, was 
also the most effective inhibitor of histamine release. 
A concentration of indole of 0-5 mM gave more than 
50 per cent inhibition whereas virtually total inhibi- 
tion was obtained with 2-0 mM. Diitsopropylfluoro- 
phosphate which is capable of inhibiting chymo- 
trypsin’, as well as a variety of other esterases, was 
very effective at 5 mM. The finding that dizso- 
propylfluorophosphate, which is capable of inhibiting 
purified chymotrypsin on a 1:1 molar basis*, was 
not more effective, may be explained by the fact that 
ditsopropylfluorophosphate had a relatively short 
time to inhibit the antigen-activated enzyme and 
had to do so in the presence of substrate for that 
enzyme. Histamine release begins within 15 sec. 
of antigen addition and reaches a maximum rate 
within 100 sec. Furthermore, the effective con- 
centration of ditsopropylfluorophosphate may have 
been significantly diminished by binding to other 
proteins’. 

In order to ascertain that the inhibitors did not 
destroy or release antibody, or otherwise impair the 
ability of the sensitized tissue to respond to antigen, 
the sensitized tissue was incubated with several of 
the most potent inhibitors for 15 min. and then 
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thoroughly washed before addition of antigen. The 
concentration of the inhibitors, L-phenylalanine 
ethyl ester, phenylacetic acid, indole and ditso- 
propylfluorophosphate was selected so as to give 
more than 80 per cent inhibition. In each instance, 
after removal of the inhibitor and the addition of 
antigen, the tissue gave the same histamine release as 
control tissue treated in a similar fashion with 
Tyrode’s solution. This indicates that the inhibitors 
are acting exclusively on a reaction activated by the 
antigen. Furthermore, the failure of diisopropyl- 
fluorophosphate to inhibit when added and removed 
before antigen addition implies that the antigen- 
activated enzyme is present in an inactive precursor 
form which, like trypsinogen and chymotrypsinogen, 
is resistant to diisopropylfluorophosphate®. 

The failure of trypsin substrates and the soy bean 
trypsin inhibitor to prevent anaphylactic release of 
histamine from sensitized guinea pig lung is consistent 
with the observation that soy bean trypsin inhibitor 
fails to prevent the antigen-induced histamine release 
from sensitized rabbit blood’. 

It has been demonstrated that the first component 
of complement (C’1) is capable of exhibiting esterase 
activity against esters of arginine and tyrosine’, 
and is inhibited by diisopropylfluorophosphate® or 
sulphydryl-containing compounds like cysteine or 
reduced glutathione**.. In our system esters of 
tyrosine are inhibitory, but esters of arginine or 
sulphydryl compounds are not; this suggests that 
C’1 is not directly involved. It has also been observed 
that immune hemolysis can be inhibited by sulphydryl 
compounds, esters of arginine and lysine, amides and 
esters of tyrosine, and peptides with a terminal 
aromatic amino-acid exhibiting a free carboxyl 
group". Although sulphydryl compounds and esters 
of arginine and lysine were not inhibitory in our 
system, esters of aromatic amino-acids or compounds 
ending with an aromatic amino-acid with a free 
carboxyl group were inhibitory. There is thus only 
partial correspondence between immune hemolysis 
and anaphylactic release of histamine. This would 
be most readily explained by the participation in 
anaphylaxis of a factor with a substrate specificity 
similar to that of one of the components of comple- 
ment. 


Table 2. COMPOUNDS WHICH INHIBIT THE ANAPHYLACTIC RELEASE 
OF HISTAMINE FROM CHOPPED, SENSITIZED GUINEA PIG LUNG 








— = 4 
Minimal concentration | 
in mM giving greater 
Class of inhibitor than 50 per cent 
inhibition 


I. Chymotrypsin substrates é 
Glycyl-L-tyrosinamide 20 
L-Tyrosine ethyl ester 
N-Acetyl-L-tyrosine ethy] ester 
L-Phenylalanine ethyl ester 


_ 
= 


. Bifunctional chymotrypsin inhibitors 
DL-Phenylalanine 20 
DL-Tryptophan 20 
Acetyl-DL-phenylalanine 20 
Glycyl-DL-phenylalanine 20 
Acetyl-DL-tryptophan 
Phenylacetic acid 
8-Phenylpropionic acid 
B-Indoleacetic acid 
8-(8-Indole)propionic acid 


to 
wwrecauco 


Crore 


III. Monofunctional chymotrypsin 
inhibitors 
Phenol 
Skatole 
Indole 


=v 


IV. Organophosphorus esterase inhibitor 
Diisopropylfluorophosphate 5 
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The fact that cysteine does not release histamine or 
enhance antigenic release of histamine suggests that 
the chymotrypsin-like step is not a simple activation 
of the intracellular peptidase, cathepsin C ; further- 
more, cathepsin C is not inhibited by ditsopropyl- 
fluorophosphate'*. On the other hand, the chymo- 
trypsin-like activity which is exhibited by suspensions 
of isolated, intact mast cells from non-sensitized 
rats is different from cathepsin C in that it does not 
require dipeptide substrates and is inhibited by 
ditsopropylfluorophosphate'*. The participation of 
such a chymotrypsin-like enzyme in histamine release 
is compatible with our findings. However, the rat 
mast cell activity was demonstrated without prior 
activation by an antigen-antibody reaction. Thus, 
unless the enzyme was activated during isolation or 
assay, it follows that the rat mast cells do not contain 
the inactive precursor form which appears to exist 
in guinea pig hung tissue. 

The observation that the anaphylactic release of 
histamine from sensitized guinea pig lung is prevented 
by chymotrypsin substrates and inhibitors but not 
by trypsin substrates and inhibitors implies that 
activation of a chymotrypsin-like enzyme is @ neces- 
sary condition for the anaphylactic release of hista- 
mine from guinea pig lung. It does not imply, 
however, that this alone is a sufficient condition. 
Indeed, since bifunctional chymotrypsin inhibitors 
are also effective carboxypeptidase inhibitors, enzymes 
of the latter group could also play a part in the guinea 
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pig system studied. All our evidence is against a 
trypsin-like enzyme being involved and, contrary to 
previous reports’, trypsin (Armour crystalline 
trypsin 1,600 ygm./ml. reaction mixture) did not 
release histamine from the blood-free tissue used 
in these experiments. Chymotrypsin (Armour crystal- 
line chymotrypsin 1,600 ugm./ml. reaction mixture) 
also failed to release significant quantities of hista- 
mine, but this simply means that extracellular 
chymotrypsin of pancreatic origin is not an adequate 
substitute for the antigen-activated chymotrypsin- 
like enzyme. 


' Mongar, J. L., and Schild, H. O., J. Physiol., 185, 320 (1957). 

* Brocklehurst, W. E. (reported by Becker, E. L., in “‘Mechanisms of 
Hypersensitivity”, ed. by Shaffer, J. H., Logrippo, G. A., Chase, 
M. W., 305 (Little, Brown and Co., Boston, 1959). 

* Green, N. M., and Neurath, H., in “The Proteins”, ed. Neurath, H., 
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* Huang, H. T., and Niemann, J., J. Amer. Chem, Soc., 75, 1395 (1953). 
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(1957). 
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HERITABLE CHANGES IN LACTIC STREPTOCOCCI INDUCED BY 
PHYSICAL TREATMENTS 


By B. S. GOSSLING 


Research Laboratories of the General Electric Co., Ltd., Wembley, England 


YSIS of cultures of lactic streptococci by bac- 

teriophage was unexpectedly found to be 
prevented by a violent electrical treatment of the 
host alone, and this resistance was heritable. In 
further investigations other physical treatments were 
similarly effective, and all treatments produced 
additional heritable changes, two of which were 
common to the whole surviving population. 

The strains of lactic streptococci used were all 
received by courtesy of Dr. A. A. Nichols of United 
Dairies, Ltd., and had been selected for early and 
rapid production of lactic acid from milk. Each 
responded to a specific phage preparation provided 
with it. 

Six methods of treatment were used, though most 
of the work was done with the first and sixth to be 
described. 

(1) By strong pulses of ionic current as described 
in a previous communication! and shown in Fig. 1 ; 
the lethal effects of this can be ascribed to violent 
disturbances of the ionic double-layer at the surface 
of the organism. This was the treatment which first 
revealed the main effects. 

(2) Change of ionic environment? following resus- 
pension in phosphate buffer of a deposit centrifuged 
from Ringer’s solution, or vice versa; the resulting 
sudden disturbance of the double-layer reproduces 
several of the lethal effects of the more violent ionic 
ecurrents!. 

(3) Irradiation with germicidal ultra-violet light. 





(4) Thermal shock by moderate rapid heating with 
a rise of 10-15 deg. C. in 5 sec. in a heat-exchanger, 
repeated 15 or 20 times after intermediate coolings. 

(5) Similar repeated heating in 1/50 sec. by 
1,500 c./s. alternating current, the small lethal effects 
of which are not electrical’. 

(6) Heating to a near-lethal temperature reached 
ip 4 min. and thereafter held constant for 5-35 min. 
according to the strain used and to the severity 
desired. 

In spite of their variety, all these kinds of treat- 
ment produced substantially the same effects on all 
strains tested, provided they were carried to a point 
where a considerable fraction had lost viability ; 
differences between strains were in degree and not in 
kind. 

Besides suppressing lysis, all the treatments 
caused other properties of the culture to change. 
all changes showing continuously progressive de- 
velopment according to the amount or severity of 
the treatment. Most of the characteristic changes 
are illustrated in Figs. 1 and 2. 

Fig. 1 shows what can be learnt from turbidimetri« 
growth curves?. The ‘control’ curve shows the growth 
of the untreated culture, and tho increasing mortality) 
in the uninfected samples is indicated by the pro- 
gressive displacements of curves 1-6, curve 6 cor- 
responding to about 10 per cent survival. The 
‘infected control’ curve shows the lysis loss on 
infection, with a final rise which is the growth of 
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Fig. 1. Turbidimetric growth curves for Str. lactis strain M,S, 
after treatment by pulses of current. Samples taken at six stages 
of treatment in yeast-dextrose broth with 1-8 msec. current 
pulses, 10 per stage, at 53 amp. per sq. cm., 13:5 kV. per cm., 
that is, power-density 750 kW. per c.c.; temperature rise, 3 deg. 
C. per stage, annulled by cooling between stages. Control curves 
from the same culture untreated; curves 1-6 treated but un- 
infected, curves I-VI infected after treatment ; curves 6 and VI 
are coincident. The points x x exemplify the log-phase growth 
of the 1/10 dilution of the control; hence curve 6 represents 
about 10 per cent survival (ref. 2) 
4 near-lethal heat-treatment gave after 8 min. at 55° C. curves 
dentical with curves 1 and I, and after 25 min. at 55° C. curves 
identical with curves 6 and VI 


the unlysable fraction, 1 in 5,000 by colony counts, 
of the culture. After the first stage, curve I, there is 
less lysis, after the second, curve II, scarcely any ; 
but with this strain, though not with some others, 


growth is delayed by infection and displacements of 


growth curves are the inverse of those of the un- 
infected until, after the sixth stage, infection has no 
effect. This phase of delayed growth does not imply 
loss of viability, for samples 2-6 give the same colony 
counts after infection as before. It was the observa- 
tion of a curve such as VI and later of the coincidence 
of curves such as 6 and VI that initiated the work. 

The growth of the survivors in curve VI, some 
10 per cent of the original culture, greatly exceeds 
the after-growth of the infected control, leaving out 
of account probable mortality! in the treated un- 
lysables, which have been identified as streptococcal. 
This excess is more clearly shown when survivals and 
the effects of infection are determined by colony 
counts ; infection which only 0-02 per cent of the 
control survive has negligible effect on the 10 per 
cent of the culture which are viable after treatment. 

From these quantitative considerations, which are 
universally applicable to the results of experiments 
using all the methods of treatment, it is inferred that 
esistance to lysis has been induced in the entire 
surviving populatioa and in their descendants, 
whether during the 7-hr. incubation of Fig. 1 or on 
the plates. This heritable change has been found to 
persist during as many as eighty subculturings of 
one strain, M,S, (Nichols). 
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Fig. 2, typical of all observed cases, shows by fall 
of pH the progressive changes in acid production 
from milk inoculated from over-night subcultures 
from the uninfected samples of Fig. 1: tests by 
titration or clotting time are concordant. The treat- 
ment itself, curves 1-6, causes a progressive slowing 
of acid production ; infection increases this greatly 
at first, but thereafter less and less until the coinci- 
dence of curves 6 and VI shows its effect to have 
vanished. Later subcultures, again up to 80, have 
yielded identical curves. One strain susceptible to 
two phages has had this response to both phages 
similarly modified by treatment. 

The complex process of spontaneous reproduction 
can apparently be interrupted without the simpler 
process of acid production being affecteu, for when 
tests immediately after treatment are compared with 
those after subculture, it is always found that mor- 
talities of well over 90 per cent in the first test do 
not prevent the production of just as much acid as 
does the restored fully viable population in the 
subculture. Again, revival of half the non-viables by 
visible light (after ultra-violet irradiation), or by 
addition of sodium thioglycollate except after near- 
lethal heating, produces little or no more acid. 

The simultaneous disappearances of the slowing of 
acid production in all strains, Fig. 2, and of the delay 
in growth, Fig. 1, of some only, may represent sup- 
pression of non-lethal ‘reversible’ phage-attachments 
at different sites. Some sites for acid-slowing can be 
restored by subculture in presence of whey, autolytic 
products, or even live organisms of the same strain, 
but not by those from a different strain. 

Acid production being a quantitative property, not 
‘all or nothing’ like lysis, the distributions of heritable 
changes in acid production among the population 
have been studied by the method of colony isolations. 

In Figs. 3a, 6 and c, typical histograms show no 
great departures from homogeneity at all stages of a 
rather gentle heat treatment. Fig. 3b represents 
isolations after a first treatment in bulk of the culture 
which gave Fig. 3a. Further treatments followed, 
each of a culture from a single average isolation from 
the preceding. Fig. 3c shows the histograms after 
the third treatment, the majority being then un- 
changed by infection. 

The compact groups of Fig. 3b have moved as did 
the 5-hr. points for a bulk culture in curves | and I 
of Fig. 2, but there are no overlaps with the groups 
of Fig. 3a. This cannot be ascribed to selective 
elimination of all trace of representatives of the 
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Fig. 2. Progressive changes in acid production of over-night sub- 
cultures of the uninfected samples from the current pulse treat- 
ment of Fig. 1 as shown by fall of pH during test incubation at 
30° C. of 1 per cent test inocula in milk. Curves 1-6 still uninfected, 
curves I-VI infected after sub-culture; curves 6 and VI are 
coincident. f ¢, clotting points 
The near-lethal heat-treatment gave after 8 min. at 55° C. curves 
identical with curves 1 and I, and after 25 min. at 55° C. curves 
identical with curves 4 and IV 
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Figs. 34, 3b, 3c. Distributions of acid production among random 
colony isolations from cultures of Str. lactis strain U.D. 352, both 
untreated and after successive near-lethal heat-treatments, each 
of 25 min. at 55° C. The number of hours of incubation before 
test is shown for each distribution on its diagram; in Fig. 3¢ 
uninfected this was 2 hr. longer. Infections come immediate ly 
before incubation 
(a), Untreated ;#(5) after first treatment ; (c) after third treatment. 
tt Repeat of pH test after nine subcultures, showing some 
recovery from slowing due to repeated plating 
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the mortality was much too 


untreated distribution : 
small for that. 

For the changes in acid production, the inference 
is again that the entire population, whether infected 
or uninfected, has experienced continuous changes, 
the heritability of which is exemplified by the arrows 
below Fig. 3c after nine subcultures of a single 
isolation, supported by other cases of continued sub- 
culture of isolations from earlier stages of treatment. 

The comprehensiveness of the changes is supported 
by 198 untreated isolations, and by 106 treated, all 
showing similar compact distributions and displace- 
ments after treatment. The original objective of the 
isolations was to locate individuals the acid pro- 
duction of which was less ‘seriously impaired, but in 
the event there was little promise of that. 

Many of the tests were made using dispersed 
colonies as the inocula. This was done to avoid any 
changes of the distributions during subculture. How- 
ever, when in a number of cases tests were repeated 
after a subculture, the difference in the results for 
each isolation was insignificant. 

It is common experience that the selected property 
of rapid production of acid is usually retained only if 
daily subculturing is not interrupted for more than 
two days. After freeze-drying it is also lost, but only 
transitorily, being restored after a few subculturings®. 
In contrast, the modifications induced in the degree 
of lysis and in acid production by the more drastic 
physical treatments described here are much more 
persistent, and are found in all members of the 
surviving population, perhaps because propagation 
has been by binary fission’. Since other properties 
besides these are also heritably affected, it would 
seem that these sensitive strains of lactic streptococci 
provide a field for the study of induced heritable 
changes which may prove to be of similar universal 
incidence. 

A detailed account of this work has been prepared 
for publication. 

' Gossling, Nature, 184, 1881 (1959). 

* Gossling, J. Appl. Bact., 21 (2), 220 (1958). 

* Nichols and Hoyle, J. Dairy Res., 16, 167 (1949). 
* Hinshelwood, Nature, 178, 1261 (1956). 


INCREASE OF SETTLEMENT SIZE AND POPULATION SINCE 
THE INCEPTION OF AGRICULTURE 


By Dr. MAX PETTERSSON 
Brunel College of Technology, London, W.3 


HE encampments of mesolithic food-gatherers 

commonly occupied no more than 500 m.*; and 
the first agricultural settlement was probably about 
that size. To-day, Greater London occupies more 
than 10° m.*. How has ‘maximum size of settlement’ 
varied, during the long period in between ? Some 
relevant data are assembled in Table 1. Most are 
from the late Prof. V. Gordon Childe. It will be seen 
that the criteria which he employs lead to estimates 
which are somewhat on the low side. The logarithms 
of the area of the largest of these settlements at each 
period (with asterisk) are plotted in Fig. 1. Hence 


during the proto-agricultural stage’, maximum settle- 
ment size has, 
exponentially. 


as a first approximation, increased 
Its doubling time is about 600 


years ; and there seems little doubt that this upsurge 
is primarily due to the inception and development of 
food-production, by farming. Since about a.p. 1500, 
however, in the scientific stage of social evolution’, 
maximum settlement area seems (Fig. 1) to have 
increased still more steeply. 

One may, of course, estimate the coefficient of 
correlation between maximum settlement size and 
time. For this purpose, the following points were 
used : Greater London, Greater Rome, Alexandria, 
Ninevah, Erech, Ur, Naqada, Merimde, Jericho, and 
a mesolithic camp as at 9000 B.c. A significant 
coefficient of + 0-96 was obtained, with P <0-01. 

The inception of agriculture (sens. lat.), in the form 
of vegeculture*, may well have been effected by a 
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: AREA AND POPULATION OF SETTLEMENTS 
Emphasis is on the largest settlements of each period, but a few smaller settlements are included to give perspective. 
columns 8 and 9 are explained in the text 
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The terms used in 











1 2 3 4 5 6 7 fal Q 10 
Area estimate Population estimate 
Log Popula- Hence 
Cultural Date Settlement (based | tion (in probable | Authority for area 
stage (approx.) and location Area on | thous- Log Probable | class of or population 
(hectares) | sq.m.) | ands) pop. category settlement 
Food- ancient known mesolithic 0-05 2-7* | (? 1-4] Clark 
gathering encampment, (ref. 3, p. 197) 
stage larger, Old World 
recent camp of wandering [? 0-05) [? 2-7] 0-025 1-4* power-1 monopol | Goldschmidt 
band, ? modal | (ref. 4, p. 187) 
recent permanent village, [? 0-20] | [?3-3]* 0-1 2¢ power-2 dipol (ref. 4, p. 191) 
larger, North 
America 
Proto-agri- 10,000-8000 B.c. | inferred earliest c. 0-05 2:7 |¢.0-025; 1-4 power-1 monopol 
cultural agricultural 
stage settlement 
7000-6000 B.c. | Jericho I, Jordan 2°43 4-4* (? 3]* power-3 tripol Childe 
(ref. 5, p. 36) 
5000-4000 B.« Merimde, Egypt 2-43 4-4* power-3 tripol (ref. 6, p. 140) 
4000-3000 B.c. | Naqada, Egypt 12-1 5-1\* ? power-4 | ? tetrapol (ref. 6, p. 141) 
4000-3000 B.c. | Halafian, larger, Iraq 12:1 5-1 ? power-4 =? tetrapol (ref. 6, p. 155) 
3000-2000 B.c Ur, Iraq 60-7 5-8* 24 4-4* power-4 tetrapol (ref. 7, p. 94) 
3000-2000 B.c. | Khafajah, Iraq 12 4-1 power-4 tetrapol | (ref. 7, p. 94) 
| 2000 B.c. Erech, Iraq 520 6-7* power-5 pentapol (ref. 6, p. 155) 
2000 B.c. Mohenjodaro, 260 6-4 power-5 pentapol (ref. 7, p. 125) 
Pakistan 
2000 B.c. Ur, Iraq 89 5-9 ? power-5 ? pentapol (ref. 6, p. 155) 
1500-1000 B.c. | Mycenez, Greece, 4°83 4-7 power-3 tripol (ref. 6, p. 46) 
within wall power-3 tripol 
1500-1000 B.c. | Mycenz, Greater ?9 5-0 } (ref. 6, p. 46) 
1500-1000 B.c. | Troy VII A, Turkey, 22-7 4-4 | Lloyd 
within wall (ref. 8, p. 151) 
Iron | 700-600 B.c. | Ninevah, Iraq 728 6-9* ? power-5 | ? pentapol | Childe 
(ref. 7, p. 194) 
500-400 B.c. Athens, Greece 300 | 5-48* | ? power-5 | ? pentapol (ref. 7, p. 198) 
100 B.c, Seleucia, [rag 600 5°8* power-6 | hexapol (ref. 7, p. 232) 
100 B.c. Alexandria, Egypt 890 6-9* ? power-6 | ? hexapol (ref. 7, p. 232) 
A.D. 200 Rome, Italy 1,240 7:1* power-6 hexapol (ref. 7, p. 262) 
A.D. 200 Rome, within 1,390 ri power-6 hexapol Carcopino 
Aurelian wall (ref. 9, p. 24) 
A.D. 200 Rome, within toll 2,010 73 power-6 hexapol (ref. 9,p. 25) 
cordon 
A.D. 200 Rome, Greater (? 3,000} | [? 7-5)* 1,200 6-1* power-6 hexapol (ref. 9, p. 31) 
A.D. 200 London, U.K. 2 6-1 Childe, 
(ref. 7, p. 262) 
A.D. 200 London, U.K. 131 6-1 Richmond 
(ref. 10, p. 74) 
A.D. 200 London, U.K. 20 4-3 power-4 tetrapol | Fleure 
(ref. 11, p. 316) 
A.D. 200 Cirencester, U.K. 101 6-0 power-4 tetrapol | Childe 
(ref. 7, p. 262) 
4.D. 200 Caerwent, Mon., U.K. 17°8 5:3 ? power-3 | ? tripol (ref. 7, p. 262) 
Scientific A.D. 1500 London, U.K. 75 4-9 power-5 pentapol | Bindoff 
stage (ref. 12, p. 40) 
A.D. 1750 London, U.K. 750 5-9 power-6 hexapol Carter and Gold- 
finger 
(ref. 13, p. 14) 
A.D. 1936 London, U.K., L.C.C. 30,300 8-5* 4,140 6-6 power-7 heptapol (ref. 13, p. 2) 
A.D. 1931 London, Postal area 60,600 8:38* 6,410 6:8 power-7 heptapol (ref. 13, p. 2) 
A.D. 1936 London, Greater 179,000 9-3* 8,580 6-9* power-7 heptapol (ref. 13, p. 2) 
A.D. 1936 London, Metropolitan 626,000 9-8* | 10,010 70 power-7 heptapol (ref. 13, p. 2) 
traffic area 
A.D. 1955 Cirencester, U.K. 11-7 4:1 power-4 tetrapol | A.A. Handbook, 
1956, p. 88 
A.D. 1955 1-33 3:1 power-3 tripol A.A. Handbook, 


Caerwent, Mon., 
U.K. 


1956, p. 74 





hitherto mesolithic group of only some 25 persons. 
Agriculture presumably arose in the parallelograms of 
Figs. 1 and 2; and probably between 8,000 and 10,000 
B.C. 

The estimates of the populations of ancient settle- 
ments are still more tentative than those of their area. 
Even for modern settlements, regions and countries, 
we seem to need, for conceptual purposs, some more 
precise way of expressing the order of magnitude of 
their populations. Hence let any number between 
10°-5 and 10*-5 be regarded as a ‘power-3’ number, and 
so forth. (Compare pH and pF.) Then, with regard 
to their populations, the Vatican State or City and the 
village of Caerwent in Monmouthshire are both power- 
3; while London and the Netherlands are both power- 
7. Over a range of time, there is the notorious 
difficulty that what is called a city in one age would 
be called a town, or merely a village, in another. 


Hence let a ‘settlement of power-4 population’, such 
as Third Millenium Ur or Roman London, be regarded 
as a ‘tetrapol’, and so forth, as in Table 1. (Gr. 
polis, a city; and compare tetravalent and tetra- 
ploid.) ‘Power-3’ is a much wider category than 
‘about a thousand’; yet also a precise category. 
Due to this great width, or ‘height’, of category, far 
more than half the entries in columns 8 and 9 of 
Table 1 will be correct. For the proto-agricultural 
stage, though not for modern industrial society, 
column 7 entries can, very roughly, be obtained by 
subtracting 1-5 from those in column 5. But for the 
climatic zone containing the Near East’ it is an 
improvement to use 1-4, and for the more northerly 
zone! evidently 1-7 or so. 

An interesting by-product of this study is an 
elucidation of the status of Mycenz, the capital of 
‘King Agamemnon’, and of the Troy of ‘King Priam’ 
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they are marked by an asterisk. The two points for Rome have 
been linked, as also the four points for modern London 


and Homer’s ‘“‘Iliad’’. Intramural Mycenz and the 
famous Troy were—like Caerwent, Aldeburgh and the 
Vatican City—both tripols. 

What is the commonest or modal settlement size at 
different periods? Data on England and Wales 
to-day are provided by the Automobile Association 
Handbook. Making allowance for conurbations, a 
sample of 300 settlements was grouped logarithmically 
according to population, and showed the following 
distribution of frequencies : 

Hexapols 
Pentapols 
Tetrapols 25 
Tripols 44 
21 \ 93 
2s 


Dipols 

Monopols 
Thus the modal category is that centred at 10°; and 
the population of the modal settlement is rather less 
than the square root of that of the region’s largest. 
But a more exhaustive enumeration of smaller 
settlements might well take the mode down towards 
162-5. Hence in England and Wales at a.p. 1500, the 
modal settlement is likely to have had not more than 
some 10?-° inhabitants. But in mesolithic times, the 
modal settlement seems likely to have had at least 
10'-* members‘. Thus throughout the long proto- 
agricultural period, the modal settlement population 
seems to have increased by a factor of only about 10. 
In contrast, maximum settlements have increased by 
a factor of about 10° (Figs. 1 and 2), and at a far 
greater rate than total population. 

A fairly firm estimate can be deduced for world 
population in a.p. 1500, being 10*-5, or about 350 
million'*. A tentative estimate of the population of 
mesolithic England and Wales is 10*°, or about 
3,250 (ref. 3, 1). The world population of food- 
gathering Homo sapiens at 10,000 B.c. will, clearly, be 
between these two limits. The world land area hap- 
pens to be 10* times that of England and Wales. 
Thus if England and Wales were an averagely popu- 
lated mesolithic habitat, the pre-agricultural world 
population would be about 10%? = 10%5. On the 
other hand, if the proto-agricultural increase in total 
population were by 10?, or by about the square of 
increase in modal settlement, the world population 
at 10,000 B.c. would be 10%-5-?; and thus also 10*-5, 


1 per cent 
‘ ° 


Hence the population at 10,000 B.c. seems likely to 


identified from Table 1. Above, the probable course of world j 
population, little known before A.D. 1500 


have been somewhere between one million and ten 
million ; and Homo sapiens is almost certain to have 
been, at that time, either a power-6 or power-7 
species (Fig. 2). 

The curve of world population in the upper part 
of Fig. 2 would scarcely be expected to be step-like, 
due to the relatively slow diffusion of cultural innova- 
tions from their centres of origin. For example, 
South Africa was still mesolithic at the time that 
Britain was neolithic and when Iraq and Egypt had 
many tetrapol cities. But the three main stages' 
may be characterized thus : 

(1) Food-gathering. In the half-million years up 
to 10,000 B.c., world population may possibly have 
increased overall by a factor of about 10?, or less, 
corresponding to a doubling time of at least 75,000 
years. 

(2) Proto-agricultural. From 10,000 B.c. to 
A.D. 1500, world population probably increased over- 
all by a factor of about 10?, corresponding to a doub- 
ling time of about 1,730 years; and during this 
period, the maximum size of settlement increased 
by a factor of about 10°. 

(3) Early part of Scientific stage. From 1500 to 
1950, world population increased overall by a factor 
of about 10°-82, corresponding to a doubling time of 
about 164 years. 

With regard to doubling time of population, the 
greater change is between (1) and (2), rather than 
(2) and (3). 
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LETTERS TO THE EDITORS 


RADIOASTRONOMY 


Roughness of the Moon as a Radar Reflector 


THE early work on radar reflexions from the Moon 
was carried out at metre wave-lengths with long 
pulses or with continuous wave giving a returned 
signal which was the total scattering from the lunar 
surface. Measurements showed that apart from a 
long-period fading produced by Faraday rotation of 
the linearly polarized waves in passing through the 
ionosphere, the reflected signal also had a short-period 
amplitude modulation produced by lunar libration. 
If a frequency analysis is carried out on these more 
rapid fluctuations, tho different frequency components 
can be related to the Doppler frequency from the 
various regions on the Moon', and in this way Evans* 
indicated that most of the radiation was scattered 
from a central part of the optical disk of a radius 
only one-third of the lunar radius. More recently, 
with radars of higher peak power and usec. pulse- 
lengths, it has been possible to confirm this result 
by direct measurement over the wave-length range 
of at least 10 em. to 1-5 m. (refs. 3-5). 

Senior and Siegel® have attempted to explain the 
radar echo as due mainly to specular reflexions from 
four or five regions concentrated towards the centre 
of the Moon which have dimensions comparable to a 
Fresnel zone and which are smooth to a fraction of a 
wave-length. To account for the shape of the radar 
echo each of these regions would have to reflect a 
signal comparable in amplitude to the signal that 
would be reflected from a smooth sphere of diameter 
equal to that of the Moon, and the leading edge of 
the echo would then remain sensibly constant in 
amplitude. However, the amplitude of the leading 
edge of the Moon echo as measured in Malvern with a 
5-usec. pulse-length shows no steady component but 
fluctuates in a random fashion with period closely 
related to the Doppler fading; also, a comparison 
of the signal at the leading edge with that obtained 
by Yaplee* using a 2-uysec. pulse-length shows that 
the mean amplitude is proportional to the pulse- 
length and hence to the area of surface illuminated. 
Further confirmation of the lack of single specular 
region from the near surface was obtained in a joint 
experiment with Straiton and Tolbert of the Univer- 
sity of Texas’, who received the pulses transmitted 
from Malvern after reflexion from the Moon. In this 
case the mean amplitude of the echo showed a gradual 
increase reaching a maximum after a time corre- 
sponding to a distance of 7-5 km. from the start of 
the echo. If the lunar surface consists of a large 
number of small random scatterers such as would 
be the case of an irregular surface, the expected delay 
would be about 9 km., in reasonable agreement with 
the observations, especially as the small difference 
could be accounted for by the initial rise being lost 
in the noise-level. 

There is thus no evidence that the whole of the 
echo is due to components from a few large and 
comparatively smooth regions on the surface of the 
Moon, but rather that the echo is the result of scatter- 
ing from a rough surface such that many irregularities 
contribute. It may be assumed that the surface has 





vertical irregularities which are greater than a wave- 
length and a horizontal scale which is considerably 
larger. If the scale of the irregularities were to 
increase or their amplitude to decrease, the surface 
would become smoother and the resulting scattering 
would tend more towards specular. If the scale were 
smaller then the scattering would become more 
isotropic. This latter type of surface would account 
for the nearly uniform scattering that we see at optical 
wave-lengths, but in this case it is the microscopic 
variation in the surface with scales measured in 
microns or less that predominates. The intermediate 
case would appear to represent the behaviour of the 
lunar surface at radio wave-lengths. 

To determine the order of magnitude for the rough- 
ness, it was decided to measure more accurately the 
angular scattering properties of the lunar surface 
at the wave-length of 10 cm., using the 2-MW. radar 
transmitter in the 45-ft. diameter radio telescope and 
a pulse-length of 5 usec, corresponding to a range- 
resolution of 0-75 km. Since the area of the lunar 
surface illuminated by the pulse at any one time is 
constant, the angular scattering law may be obtained 
by converting the distance travelled by the pulse after 
first contact with the Moon to angle of incidence at 
the surface. Because the maximum signal is only a 
few times greater than the noise-level, a ‘range gate’ 
was constructed which enables part of the echo to 
pass through an integrating stage; the range gate 
is automatically swept across the echo and the output 
of the integrator is displayed on a recorder. The 
duration of the gate was 20 usec. and with an integra- 
tion time of 2 sec. it was possible to measure signals 
which were about 3 per cent of the noise-level. 

Thirty-one runs were obtained during the period 
November 27—December 11, and the mean of these, 
with corrections for finite width of the gate, shows a 
very close fit to an exponential law over a range of 
angles from about 3° to at least 14°. The ratio of the 
scattered power per unit surface area to the incident 
power flux, which we define as the effective scattering 
area per unit surface area, is given by : 


o = o, exp{ — 10 6} 


where 6 is the angle of incidence and o, is about 0-7. 

This law of scattering is consistent with scattering 
from a rough surface which has irregularities much 
greater than a wave-length and a horizontal scale 
equivalent to about twenty times the vertical devia- 
tions. We can say that over representative areas of 
8,000 km.*, corresponding to the area of the Moon 
illuminated by a 5-usec. pulse, the slope would appear 
to have a random distribution with a root mean square 
value of about 1 in 20. It is of interest that if we 
compare the scattering law of the lunar surface with 
that for the Sea® a similar high directivity is observed, 
but the value of o, is of the order 10 to 100 depending 
on the state of the Sea. Since the dielectric constant 
of the Sea is high, and hence the reflectivity of the 
surface will be close to unity, this would indicate 
that the reflectivity of the surface of the Moon lies 
between 10-! and 10-%. 

It may be possible to extend these results to the case 
of radar echoes from planets ; but since the planets 
from which it is most likely that radar echoes can be 
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obtained, Venus, Mars and Jupiter, probably have 
surfaces of much higher dielectric constant than 
the Moon, the value of o, at normal incidence is 
expected to be greater by a factor of 10-100. On 
the other hand, co, may be modified if the scattering 
law is appreciably different from that of the Moon, 
or if there is appreciable absorption due to ionization 
in the atmosphere of the planet. The total scattering 
area of the Moon, o7, is given by integrating c over the 
whole of the surface and we get op = 1-4 x 10-*xa’, 
where a is the lunar radius. The total scattering 
area of a planet would then be approximately equal 
to the projected area. 
V. A. HuGHES 
Royal Radar Establishment, 
Malvern. 
* Browne, I. C., et al., Proce. Phys. Soc., 68, 901 (1956). 
* Evans, J. V., Proc. Phys. Soc., 70, 1105 (1957). 
* Trexler, J. H., Proc. Inst. Rad. Eng., 46, 286 (1958). 
* Yaplee, B. 8., et al., Proc. Inst. Rad. Eng., 46, 293 (1958). 
* Hey, J. S., and Hughes, V. A., I.A.U.—U.R.S.1. Paris Symposium 


on Radio Astronomy, 13 (Stanford University Press, 1959). 

* Senior, T. B. A., and Siegel, K. M., I.A.U.—U.R.S.I. Paris Sym- 
posium on Radio Astronomy, 29 (Stanford University Press, 
1959). 

* Straiton, A. W., and Tolbert, C. W., University of Texas, Electrical 
Engineering Research Laboratory, Rep. No. 5-38 (1959). 

* Grant, C. R., and Yaplee, B. S., Proc. Inst. Rad, Eng., 45, 976 (1957). 


ASTROPHYSICS 


Solar Terrestrial Relationships 


THE proper formulation of a theory of propagation 
of disturbance from the Sun to Earth must rest upon 
knowledge of the magnetic field and material density 
of the intervening space. An interplanetary density, 
at the Earth’s orbit, of order 10° protons and electrons 
per cm.* has been frequently assumed for theoretical 
purposes. There is now growing evidence that the 
density is considerably lower than this. 

Recently, Sonett e¢ al.1 reported a rocket survey of 
the distant geomagnetic field carried out on a mag- 
netically quiet day, October 11, 1958. They reported 
an inverse cube variation of field-strength out to 
13-6 Earth radii, suggesting that at most the proton 
density in interplanetary space is 10* per cm.’*. 
However, disturbance recorded in the region 12-3- 
14-8 Earth radii may be explicable in terms of tang- 
ling of the geomagnetic field with an interplanetary 
magnetic field of order 10-* gauss. In this case the 
estimate of 10* per cm.* could be significantly reduced. 
Support for this view is found in the work of Block?, 
who considers that a solar magnetic field of 10-* 
gauss may exist in the vicinity of the Earth and that 
the proton density may be as low as 10-' per cm.’. 

Pope* recently determined from a study of whistlers 
an electron density of 80 per cm.* at 4 Earth radii, 
decreasing steadily to 15 per cm.* at 5-8 Earth radii. 
This trend indicates lower values farther out. All- 
cock’s* distribution of electron density determined 
from whistler observations extrapolates to 5 electrons 
per em.’ at 5 Earth radii. Obayashi and Jacobs*® have 
inferred from micropulsation studies that the inter- 
planetary density may be of order 1 per cm.*. 

Lyman « observations have led Kupperian e¢ al.‘ 
to a determination of between 15 and 45 protons per 
cm.’ in interplanetary space, while Shklovsky’ 
derives an upper limit of 200. The latter points 
out that we cannot be certain whether the scattered 
Lyman « arises chiefly in the Earth’s exosphere or in 
interplanetary space. 
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Considerable evidence then exists in favour of 
much lower proton densities in interplanetary space 
than was commonly assumed. Should the inter- 
planetary density be as low as 1 proton per em.’ and 
the resident magnetic field of order 10-* gauss then 
hydromagnetic waves may be propagated from Sun 
to Earth all the time. It is just some such constant 
source of energy which is required to explain the 
quasi-permanence of magnetic disturbance and 
aurore in high latitudes. I have initiated a theory*,® 
of solar terrestrial relationships based upon such a 
model. Hydromagnetic waves traverse 1 A.u. of 
such a medium in about a day. 

One would expect the Earth to present a large 
capture cross-section to these waves (perhaps > 10 
Earth diameters), for on reaching the vicinity of the 
Earth where the Earth’s field is the same value as the 
interplanetary field, the waves may be guided down 
the geomagnetic field lines in the ordinary mode 
while suffering considerable refraction towards the 
Earth in the extraordinary mode. Moreover, these 
waves can cause corpuscular bombardment of the 
atmosphere’. In this way energy may be transmitted 
from the Sun to the Earth without actual transit of 
particles. Certainly the Earth may capture enough 
energy by this means to explain magnetic disturbance 
and aurore. Assuming a perturbation magnetic field 
of a few gammas in interplanetary space, the Alfvén 
speed 108 cm. per sec. and a capture cross-section of 
10 Earth diameters, then the rate of delivery of energy 
to the Earth is 10'* ergs per sec. This is adequate 
to explain intense magnetic disturbance. 

I thank Dr. F. Jacka, chief physicist of this Division, 
for criticism. 

K. D. CoLe 
Antarctic Division, 
Department of External Affairs, 
Melbourne. 
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Sceular and Periodic Motions of the 
Node of an Artificial Earth-Satellite 


IN a recent paper on the effect of the Earth’s 
oblateness on the orbit of a near satellite, King-Hele’ 
mars an otherwise commendable presentation by 
abundant criticism of some earlier papers on this 
subject by myself and collaborators?.*. Although 
King-Hele’s remarks were not so intended, his 
stateme. ts have had the effect of raising serious 
doubts about the validity of my early solutions and 
in particular about the usefulness of my approach 
to the problem of satellite orbit perturbations. 

The particular comments by King-Hele that give 
cause for concern are: ‘‘Furthermore, the solution 
given by Blitzer et al. would seem to be incorrect, 
since a term is omitted in the equations leading up 
to it. Correct or not, the solution is so lengthy that 
no progress can be made towards higher-order solu- 
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tions, and the rotation of the major axis is not 
obtained’’. 

To set the record straight : (i) The solution referred 
to is quite correct, as a simple check against the 
differential equation would show. It so happens that 
a term in an intermediate step was inadvertently 
omitted—a mere typographical error. (ii) Concerning 
the rotation of the major axis, suffice it to say that 
this had been obtained and the result published‘ 
almost a year prior to publication of King-Hele’s 
paper, which I now understand was written in 1957. 
(iii) I am glad to state that the extension of the 
method to include the higher-order terms proceeds 
in a direct and straightforward manner. Moreover, 
the procedure yields detailed information not only 
regarding the secular motions of the node and perigee 
but also for the periodic terms, including orbit inclina- 
tion, major axis and eccentricity. 

Due to space limitations only the following expres- 
sion for the regression of the nodes (those points on 
the celestial sphere where the satellite crosses the 
equator) is presented at this time, because of its 
relevance to determination of the oblateness para- 
meters from satellite observations. 


2nJRteosi fy _ JR? 


a1 — e?)? | 24a*(1 — e?)? 








JR? 


12a*(1 — e*)? 


3-DR‘* cos 


a [a + se) (4-7 sin®%) — (3-7 sin*2)e* cos 20 | 


7a(1 — e?)* 


Here Ag is the difference in right ascension between 
two successive ascending nodes, J and D are the 
coefficients of the second- and fourth-order harmonics 
in the potential function for the oblate Earth’, R 
is the equatorial radius of the Earth, ¢ is the inclina- 
tion of the orbit to the equator, a and e are the semi- 
major axis and eccentricity of the osculating ellipse 
corresponding to the satellite at the node, and @ is 
the argument of perigee (angular distance from the 
node to perigee). 

Note that: (1) The above expression is valid for 
arbitrary orbit inclination and eccentricity. (2) The 
linear term in J contributes only to the secular motion 
of the node. (3) The quadratic J?-term contributes a 
constant (secular) plus two periodic terms; one 
periodic term has the period of precession of perigee, 
the other is a smaller term with half the period of 
perigee motion. (4) The D-term also contributes a 
constant (secular) term plus a periodic term having 
half the period of perigee motion. (5) The secular 
contribution of the D-term is a regression of the nodes 
for orbit inclinations less than 49-1° (sin®% = 4/7) ; 
while for ¢ > 49-1°, the nodes advance. However, 
re motion is overshadowed by the dominant 
Jv -term. 

It is of interest to calculate the magnitudes of the 
secular and periodic terms for satellite 195882 
(Vanguard I). On the basis of the following data’,’ : 
(a/R) = 1-3603; «= 34-26°; e = 0-1896; J = 
1-6232 x 10°; D=0-885 = 10-°; we find the 
separate contributions of the J and D terms to be: 
Ay (deg./rev.) = (0-281 — 2-79 x 10-* cos w + 

1-79 x 10-* cos 2m) + 
(3-58 x 10-* — 5-37 x 10-* cos 2a)p. 


[ (3-20 sin®i) — e*(4 + 5 sin‘) | 


nt es OP 7 
[ 16(2-5 sin®?)e cos w — (7—15sin*2)e*cos 20 |} 
= 
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The dominance of the linear (secular) term in J is 
quite evident. 
LEON BLITZER 
Department of Physics, 
University of Arizona, 
Tucson, Arizona. 
1 King-Hele, D. G., Proce. Roy. Soc., A, 247, 49 (1958). 
Blitzer, L., Weisfeld, M., and Wheelon, A. D., J. App. Phys., 27, 1141 
(1956). 
* Blitzer, L., and Wheelon, A. D., J. App. Phys., 28, 279 (1957). 
* Blitzer, L., J. App. Phys., 28 1362 (1957). 
5 Jeffreys, H., “The Earth”, fourth edit., chapter 4 (Camb. Univ. 
Press, 1959). 
* Orbital data as issued by NASA on Jan. 20, 1960. 
7 Values of J and D from Lecar, Sorenson and Eckels, J. Geophys. 
Res., 64, 209 (1959). 


Pror. Burrzer has, I fear, misinterpreted my 
comments on his papers. First, I am glad to know 
that his solution for radial distance was correct. 
When I found the error in the intermediate equation, 
it did not seem worth carrying on with checking the 
analysis, which was extremely lengthy. I made 
it clear that my doubts about the correctness of the 
solution were based solely on the error in the inter- 
mediate equation. I then went on to say, “the 
solution is so lengthy that 
no progress can. be made 
towards higher-order solu- 
tions, and the rotation of 
the major axis is not ob- 
tained’. Here I was not 
making a prophecy but 
only a statement of fact: 
in the papers I was referring 
to, there was no progress 
towards a higher-order solu- 
tion, and the rotation of the 
major axis was not obtained. My statement was 
therefore correct. Next, as is clearly stated on its 
second page, my paper was “‘a shortened version of a 
Ministry of Supply report issued in October 1957”, 
and was written in the summer of 1957. It is there- 
fore scarcely surprising that I made no reference to 
the paper (his ref. 4) by Prof. Blitzer, which was not 
published until November 1957. 

Finally, Prof. Blitzer may be glad to know that 
I believe his equation for Aq is correct, if osculating 
elements are used, since it agrees with results obtained 
by other authors. 

D. G. Kinc-HELE 

Royal Aircraft Establishment, 

Farnborough, Hants. 


PHYSICS 


Reduced Temperatures for Nucleation in 
Supercooled Liquids 


THE various methods available for detecting a 
phase change may‘depend on spontaneous nucleation- 
rates which differ greatly in magnitude. Thus 
although, as nucleation theory shows, critical condi- 
tions for the threshold of change may be much the 
same for methods of widely different sensitivity they 
are nevertheless quite arbitrary. It therefore seems 
particularly interesting that critical supercoolings 6 
for droplets of molten metals and molecular liquids 
are roughly proportional to the absolute melting 
temperatures 7’; (refs. 1, 2, and 3). Thus where 
T, = Ty; — 9 is the freezing threshold these results 
indicate a value of about 0-8 for the reduced tempera- 
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Fig. 1. Threshold of nucleation in supercooled liquids. ©, Mole- 
cular compounds (Staveley et al., refs. 2 and 3); @, alkali halides 
(Buckle and Ubbelohde, refs. 4 and 5): @, metals (Turnbull 
and Cech, ref. 1, and Turnbull, ref. 8) 
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ture 6 = T,/T;. Recent results for alkali halides*.® 
show that for these compounds @ ~ 0-85. In all 
these experiments the observation time was about 
10 sec. irrespective of drop size. Collectively the 
results indicate a value of 6 close to 0-82 (Fig. 1). 

The parallelism between T, and 7's, which extends 
over a very large range of temperature, does not 
seem to have been previously noted. It suggests 
some underlying connexion between the irreversible 
transformation of liquid to solid at the freezing 
point and the stable co-existence of these phases 
at the melting point. The value 80 = 0-82 refers to 
the quite arbitrary limitations of present methods of 
observing nucleation. It therefore appears likely 
that 6 will be constant at any given nucleation-rate. 

In view of current interest in the problem of liquid 
structure it seems important to point out that the 
constancy of @ also shows that the sizes of crystal 
nuclei, as measured by the number of molecules g* 
comprising them, are the same to within an order of 
magnitude for all the compounds examined. The 
specific rate of nucleation in supercooled liquids may 
be written’ : 

J = Kexp(— A®*/kT) sec.-* cm.-* 


where A®* is the free energy of nucleation and K is a 
factor which is relatively insensitive to temperature 
for liquids which do not form glasses. By specifying 
the rate J the values of both @ and A®*/kT' are 
determined for any such liquid. For the nucleation 
threshold, therefore : 
A®*/kT, = In(K/J,) = cy (a constant) ; 
A®* = ¢,OkT; 

Assuming that a crystal nucleus is adequately 
described by a simple model of the Volmer type’ ; 


g* = 2A0*/Ay 
where Ay is the decrease of free energy per bulk mole- 
cule. By means of the relation‘ : 

N Ay = OAS; 
where AS; is the molar entropy of fusion, the follow- 


ing expression is obtained for the number of molecules 
in the threshold nucleus : 


I:* = 2c,RO/[(1 — @)AS;] 
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As ¢, is roughly 60 (refs. 2, 4 and 8) a rule of thumb 
Is : 
gs* ~ 1,000/ AS; 


Metallic nuclei contain 200-400 atoms, while for 
molecular compounds g,* is mostly less than 200. 
Previous estimates of g,* for alkali halides were based 
on inadequate fusion data. Recent determinations® 
of entropies of fusion show that the nuclei contain 
about 300 ions. 

E. R. Buckie 


Department of Chemical Engineering, 
Imperial College of Science and Technology, 
London, 8.W.7. 


*Turnbull, D., and Cech, R. E., J. App. Phys., 21, 804 (1950). 

* Thomas, D. G., and Staveley, L. A. K., J. Chem. Soc., 4569 (1952). 

* De Nordwall, H. J., and Staveley, L. A. K., J. Chem. Soc., 224 (1954). 

* Buckle, E. R., and Ubbelohde, A. R., Proc, I.U.P.A.C. Symp. on 
Thermodynamics (1959). 

* Buckle, E. R., and Ubbelohde, A. R. (to be published). 

* Turnbull, D., and Fisher, J. C., J. Chem. Phys., 17, 71 (1949). 

’ Dunning, W., “Chemistry of the Solid State’’, ed. by Garner (Butter 
worths, London, 1955). 

* Turnbull, D., J. App. Phys., 21, 1022 (1950). 

* Dworkin, A. 8., and Bredig, M. A., J. Phys. Chem., 64, 269 (1960). 


Self-Quenching Geiger Counters containing 
Mixtures of Permanent Gases 


In a recent communication, Collinson, Demetso- 
poullos, Dennis and Zarzycki' refer to a paper of 
mine* as negating the earlier work of Shore’. 

My paper, it is true, reports the failure of a mixture 
composed according to Shore’s prescription, but it 
also states that xenon—oxygen fillings worked very 
well if a low oxygen content was chosen. Besides 
that, the paper says that no harm was done even by 
a continuous discharge, running for | hr. at 50 wamp. 
The startling quenching mechanism was explained 
by me as due to a certain resonance phenomenon, 
which had been found by the spectroscopists* and 
which occurs at very low oxygen contents only. 

Perhaps the addition of nitrogen or argon results 
in a still unknown, but no less effectual mechanism, 
even at higher oxygen contents. Only by ‘burning 
out’ in a continuous discharge, however, can it be 
certain that no unintentional admixture of other 
gases or vapours provokes self-quenching behaviour 
in apparently pure permanent gases, as discovered by 


Bosch‘. 
OswaLp RIEDEL 


Badische Anilin- und Soda-Fabrik AG., 
Ludwigshafen a. Rh., 
yermany. 


1 Collinson, A. J. L., Demetsopoullos, I. C., Dennis, J. A., and Zarzycki 
J. M., Nature, 185, 369 (1960). 

* Riedel, O., Z. Naturforsch., 5, a, 331 (1950). 

* Shore, L. G., Rev. Sci. Instr., 20, 956 (1949). 

* Kenty, C., Aicher, I. O., Noel, E. B., Poritsky, A., 
Phys. Rev., 69, 36 (1947). 

* Bosch, C., Ann. Physik, 19, 65 (1934). 


and Paolino, V.., 


We feel that the xenon-oxygen phenomenon 
referred to by Dr. Riedel, although interesting, is 
only of importance in mixtures where xenon is the 
main gas. While such an effect is possibly a small 
contributory factor in the quenching mechanism 
of the argon—xenon—oxygen-nitrogen mixtures which 
we have investigated, our results show that the 
important mechanism is the interaction of xenon with 
argon metastable states. 
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It is most unlikely that the behaviour of these 
mixtures could be accounted for, as Dr. Riedel 
suggests, by the unintentional introduction of some 
other gas or vapour. This was shown by the constancy 
of the starting voltages of the counter even after 
many hours of continuous discharge. One counter in 
particular was run steadily for two months, recording 
10° counts and operated in continuous discharge for 
about 30 min. each day. At the end of this period the 
starting voltage was unaltered, although the plateau 
length was increased. 

We consider that Dr. Riedel’s lack of success in 
obtaining Geiger counting regions with the Shore 
mixture can be attributed to the choice of cathode, 
namely, aluminium, and to the use of hard rubber 
in the construction of the counter, which precluded 
the possibility of baking, etc., during evacuation. 

A. J. L. CoLtirson 
I. C. DEMETSOPOULLOS 
J. A. DENNIS 
J. M. Zarzycxi 
The Borough Polytechnic, 
London, S.E.1. 


MINERALOGY 


A Regular Mixed-Layer Chlorite- 
Vermiculite Mineral 


VARIOUS mixed-layer clay minerals have been 
reported in many publications. So far as the structure 
is concerned, the main interest in this field of in- 
vestigations has been in examining the way of stack- 
ing in the direction along the perpendicular to the 
layer, and the order—disorder problem involved in 
these minerals has only been discussed in terms of 
the variations of X-ray basal reflexions. 

The present work has been undertaken for a regular 
mixed-layer chlorite-vermiculite mineral with two 
main objectives in view: (1) to examine the change 
in basal reflexions in the course of dehydration ; 
(2) to clarify the regularity of stacking parallel to 
the layer, which is shown by the presence of reflexions 
other than the (00I)’s. 

A regular mixed-layer mineral was found in the 
alteration zone of mudstone belonging to a tertiary 
bed in Noto Peninsula, Japan, and its pure specimen 
was obtained by elutriating the crude clay. In view 
of the complexity of X-ray diffraction pattern of the 
mineral, two different specimens were provided for 
its X-ray examinations. The basal reflexions of the 
mineral were examined without ambiguity by using 
a completely oriented specimen which was obtained by 
the sedimentation method. The 29-2A. reflexion 
and the presence of the rational sequence of its higher- 
order reflexions indicate that the mineral is of regular 
mixed-layer type. A randomly oriented specimen 
yielded diffraction peaks corresponding to the (020), 
(202), (132) and (060) reflexions. The chemical com- 
position, differential thermal analysis curve and 
d-spacing of the (060)—1-53A.—strongly suggest 
that the mineral is made up of the chlorite and 
vermiculite layers rather than the chlorite—mont- 
morillonite. 

By means of an X-ray diffractometer with a 
heating furnace, measurements were made of the 
changes in the diffraction lines when the specimens 
were subjected to heat treatment. As has been 
described by Walker', the dehydration process of 
vermiculite is somewhat complicated. It proceeds 
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Fig. 1. Diffractometer traces at various temperatures 


from the 14-8 A. phase (fully hydrated), through the 
13-6A. and 11-6A. phases, finally to the 9-1A. 
phase. Therefore, one may predict that heating of 
this mineral at 300° C. might result in the formation 
of a random mixed-layer lattice with the components 
of 26A. (14-4 + 11-6) and 23-5A. (14-4 + 9-1) 
layers. Of this mineral, however, a striking feature 
is that this is not the case. The close examination of 
the line profiles at 6—8° and 10—-13° in 26 with copper 
Ka radiation shows that there is a tendency for 
crystallites to segregate into two parts, namely, 
the 26 A. and 23-5A. phases respectively. Further 
heating to 500°C. brings about a monophase again 
with the layer thickness of about 24 A. 

The evidence for a three-dimensional order in this 
mineral rests largely on the presence of diffraction 
peaks ranging from 30° to 40°. These reflexions are 
not observed in the diffraction pattern of the oriented 
specimen and are tentatively indexed as (201) and 
(131). The changes which occurred in the position 
and intensity of these reflexions on heating are 
shown in Fig. 1 together with the (060) reflexion. 
An expansion of the 6-periodicity upon heating can 
be seen. It is not certain whether the expansion is 
merely due to the thermal vibration of atoms or to 
some structural change within the layer. Judging 
by the change in intensities of the (201) and (131) re- 
flexions, however, we are inclined to think that the 
migration of atoms and the decrease in the degree 
of distortion of the silica-layer on heating would 
give rise to the lattice expansion of the layer. 

The shrinkage in the c-periodicity would move the 
positions of the (201) and (13/) reflexions toward 
the higher-angle side, whereas the expansion of the 
layer would result in the displacement of these 
reflexions toward the lower-angle side. In view of 
the small number of reflexions, little can be said 
concerning the indices of these reflexions or of the 
detailed structure of the mineral. 
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A detailed description of this work will be given 
in the near future. 
M. NAKAHIRA 
Department of Mineralogy, 
Faculty of Science, 
University of Tokyo, 
Hongo, Tokyo. 
S. SuGrura 
Department of Geology and Mineralogy, 
University of Kanazawa, 
Kanazawa. 
* Walker, G. F., “Clays and Clay Minerals”, 101 (1956). 


RADIATION CHEMISTRY 


Use of Nitrous Oxide to discriminate 

between the Forms of Hydrogen Atoms 

(H* and H,* 2?) produced by ,;-Irradiation 
of Aqueous Solutions 


In 1958 Proskurnin and Chernova' reported that 
G(Fe**) for oxygen-free solutions of ferrous sulphate 
saturated with nitrous oxide in 0-8 N sulphuric acid 
irradiated with cobalt-60 y-rays has a value of between 
12 and 13 which depends on the concentration of 
ferrous ion. This is larger than the value of 8-2 
obtained for completely degassed solutions*.* and 
Proskurnin and Chernova suggested that the difference 
might be due to the occurrence of reactions (1) and 
(2): 

NNO + H— NNOH (1) 
NNOH + Fe* —N, + OH- + Fe* (2) 


However, since every hydrogen atom generated in a 
completely degassed solution of ferrous sulphate in 
0-8 N sulphuric acid always oxidizes a ferrous ion 
according to reaction (3a) or (36) or to the reaction 
sequence (3c) : 


H + Fe*. H,O ia H, + Fe** + CH- (3a) 
H + H+ + Fe**—H, + Fe* (3b) 
H + H+-—H,*; H,* + Fe**—-H, + Fe** (3c) 


it is not clear why the presence of nitrous oxide should 
have any effect on G(Fe**). 

In order to clarify the situation and because 
reaction (1) may in fact be (4): 


N,O + H—N, + OH (4) 


and thus provide a much-needed ready means of 
converting hydrogen atoms into hydroxy] radicals, 
we have undertaken a more detailed investigation 
of the radiation chemistry of aqueous solutions con- 
taining nitrous oxide. Some of the results for 
ferrous sulphate solutions are shown in Table 1, from 
which it is evident that: (a) G(Fe**) has the same 
value in the deaerated nitrous oxide-containing 
solution as in a nitrous oxide-free solution; (b) the 
total gas yield is the same in both systems and 
equal to Gy, + Gy; (c) in the nitrous oxide-contain- 
ing system some nitrogen is always produced and the 
Table 1. y-RAY YIELDS IN OXYGEN-FREE, NITROUS OXIDE-CON- 
TAINING ACIDIFIED MM FERROUS SULPHATE SOLUTION 
Dose-rate = 1-05 x 10"* eV. ml.~* min.“ 


pH [N,O] G(H,) G(N,) G(H,) + GON,) G(Fe**) 
0-45* 0 4-15 0 15 8-1 
0-45* ~~ 0-01 M 3-60 0-52 4-12 8-1 
1-36 os 2-98 0-94 3-92 7°8 
1-60 je 2-80 1-02 3-82 77 
2-23 ue 1-76 1-83 3-59 71 
3-30 es 0-57 2-61 3-18 6-2 


* 0-8 N sulphuric acid solution. 
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Fig. 1. GN.) as a function of pH for cobalt-60 y-irradiated 

solutions of nitrous oxide in pure water at room temperature. 

Px,0 394.mm. mercury; dose-rate 1-05 x 10" eV. ml.™* 

min.~'; pH varied by addition of sulphuric acid or sodium 
hydroxide 
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ratio G(N,)/G(H,) increases slightly as the pH is 
increased to 2 and then rises sharply with further 
increase of pH. 

Result (a) indicates that reaction (5) does not 
occur, a conclusion which we have verified by a study 
of the effect of N,O on the stoichiometry of the 
Fenton reaction : 

HO + N,O—- HO, +N, (5) 
All the results require that a large fraction, but by no 
means all, of those species which in acid solution 
oxidize ferrous ion according to (3) are incapable of 
reacting with nitrous oxide at pH < 2, but become 
able to do so according to reaction (1) or (4) at pH > 
2-3. To test this hypothesis we have measured 
G(H,), G(N.), G(O,) and G(H,O,) for solutions of 
nitrous oxide in pure water over a wide range of 
pH. The variation of G(N,) with pH is shown in 
Fig. 1. 

The value of G(N,) at pH > 2-7 is that expected 
on the hypothesis that all the available hydrogen 
atoms or their stoichiometrical equivalents are 
scavenged by nitrous oxide in a reaction in which 
1 mole of nitrogen appears for every mole of hydrogen 
atoms so scavenged, for example, by reaction (4). 
Below this pH, G(N,) falls sharply because a large 
proportion of these species reacts with acid and is 
thereby rendered incapable of reducing nitrous oxide. 
We consider this fraction to consist of hydrogen atoms 
which in their protonated form (H,*) are incapable of 
reacting with nitrous oxide and for which pK,(H,*) ~ 
2-3. 

The fact that G(N,) does not become zero in solu- 
tions containing nitrous oxide at pH < 2 is especially 
significant, and we interpret this as evidence for the 
possible existence of two different species of H atom 
or H atom precursor, only one of which is capable of 
reducing nitrous oxide in this low pH range. At 
present we are unable to say whether the form 
reactive to nitrous oxide is a solvated electron 
(e-aq.) or some other entity such as an excited water 
molecule. The existence of more than one form of 
hydrogen atom has been postulated by several groups 
of workers, but nitrous oxide affords perhaps the 
clearest evidence for this and the related ionic 
equilibria. A more detailed account of this and 
related work will be published elsewhere. 
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We are grateful to the (U.S.) National Science 
Foundation for the award of a fellowship to one of 
us (D. B. P.) and to the Rockefeller Foundation for 
financial aid. 
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The University, Leeds 2. 

Proskurnin and Chernova, quoted by Proskurnin and Kolotyrkin, 
Proc. Second U.N. Conf. on the Peaceful Uses of Atomic Energy, 
Geneva, 29, 52 (1958). 

* Barr and King, J. Amer. Chem. Soc., 78, 303 (1956). 

Allen and Rothschild, Rad, Res., 7, 591 (1957). 


Use of Nitrous Oxide to discriminate 
between Various Forms of Hydrogen Atoms 
existing in Aqueous Solutions of Potassium 

lodide irradiated with Ultra-violet Light 


DEAERATED, acidified, aqueous solutions of potas- 
sium jodide decompose to form equimolar amounts 
of hydrogen and iodine under the influence of light 
of wave-length less than 2600 A. which is absorbed 
by the hydrated iodide ion (I-aq.). The quantum 
vield is small, but increases with increasing iodide 
and hydrion concentration. A postulated cause! of 
the effect of pH on the quantum yield is that hydrogen 
atoms found in the primary act can be protonated to 
form the hydrogen molecule ion, H,*, which will 
oxidize iodide ions in the reaction (1), whereas 
hydrogen atoms serve only to reduce iodine atoms 
and molecules. In the preceding communication? it 
was shown that nitrous oxide is inert to H,*, but 
reacts rapidly with hydrogen atoms most probably 
according to equation (3), and that pK,(H,*) ~ 2-3: 


H,+ + 1--—-H, +1 (1) 
H + 1-—-HI (2a) 
H+1,—-HI+I (2b) 
H +N,O—N, + OH (3) 


Therefore, if solutions of potassium iodide saturated 
with nitrous oxide are irradiated with ultra-violet 
light it would be expected that little or no nitrogen 
would be produced until the pH of the solution 
exceeded 2, when reaction (3) becomes possible and 
9(N,) should increase steeply to a limiting value 
which would be the true primary quantum yield of the 
iodide photolysis. The hydroxy] radicals liberated in 
reaction (3) will oxidize iodide ions very rapidly 
according to equation (4): 

OH + I-—OH- +I (4) 

We have recently measured the quantum yields of 
formation of hydrogen, nitrogen and iodine for this 
system over a wide range of pH, and the results, which 
are shown in Fig. 1, entirely confirm these predictions. 
It will be noticed that 9(N,) remains constant at 
0-16 over the pH range 3-11 and therefore whatever 
forms hydrogen atoms assume in strong alkali, for 
example, €-ag. or H,O-, also react rapidly with 
nitrous oxide in a reaction which is stoichiometrically 
equivalent to reaction (3). 

As the pH is decreased below 3, 9(N.) diminishes 
rapidly and ultimately becomes zero, whereas 9(H,) 
increases steadily to a value which in ~ 2 N sulphuric 
acid approaches the primary quantum yield, and 9(I,) 
passes through a minimum value but is always 
equal to o(H,) + e(N,). These and related results, 
in particular the observation that, contrary to the 
predictions of the Rigg and Weiss mechanism, 
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Fig. 1. 
iodide containing nitrous oxide. 
310 mm. mercury ; incident light intensity = 7:5 x 10™ quanta 


o(H.), 9(I,) and ¢(N,) of aqueous solutions of potassium 
KI} = 0:276M; PN,0 = 


em.~? sec.~! in wave-length range 2000-2600 A. pH varied by 
addition of sulphuric acid or potassium hydroxide 
o(H,) and 9(I,) for deaerated iodide solutions are 
independent of the light intensity, have led us to the 
view that the mechanism of the photolysis of de- 
aerated iodide solutions more nearly approaches the 
following than any of those hitherto published : 


T-ag. -> Tag. * (electronically 


excited aquated iodide ion) (4) 
I-ag. * — Inag. (degradation) (5) 
I-ag. * + I-—>1, + OH- + H (6) 

H + H+— H,+* (7) 
H,+*—H + H+ (8) 

H,* +1,—H, +1, (9) 
H +1,-— H+ + 2I- (10) 


Further details of these and related experiments 
will be published elsewhere. One of us (S. A. 8.) is 
indebted to the Distillers Co. for financial help. 

F. S. Darnton 
S. A. Smits 
Department of Physical Chemistry, 
The University, Leeds 2. 
1 Rigg and Weiss, J. Chém. Soc., 4198 (1952). 
? Dainton and Peterson, Nature, 186, 878 (1960). 


CHEMISTRY 


A Reversible Nitrate Electrode 

FoLLowInG some earlier work in this Laboratory, 
a number of electrodes have been constructed which 
are capable of displaying a more or less reproducible 
nitrate function. The electrodes are of interest in 
that they make possible the determination of nitrates 
by potentiometric methods. 

To make the electrodes, a slightly lumpy (4—1 mm.) 
sample of powdered zinc fluoride was made up to a 
viscous paste with ‘Diakon’ plastic (Imperial Chemical 
Industries, Ltd.) in chloroform, and coated on to a 
zinc rod (5 mm. diam.), such that several fragments 
of the salt were in contact both with the zinc core and 
with the surrounding solution. The electrodes were 
‘aged’ by standing in 0-4 M calcium nitrate solution 
for 1-7 days. 

The gelatinous coating of a basic zinc salt produced 
on the hydrolysis of the fluoride is apparently able to 
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standard, in solutions of calcium and potassium nitrates. 

@. Calcium nitrate (four series); ©, calcium nitrate + 0-0025 M 

potassium nitrate (two series); x, calcium nitrate + 0°025 M 

potassium nitrate (one series) 

display an electrode function for the anion of the 
solution in which the electrode has been aged. Fig. 1 
shows the electrode potentials in solutions of calcium 
and potassium nitrate, relative to saturated calomel, 
of such an electrode after it had been aged for 12 hr. 
in 0-4 M calcium nitrate solution. This particular 
electrode has been aged first in 0-1 _M calcium chloride 
solution, following which it showed a _ reversible 
chloride function. Chloride ageing is not necessary 
for an electrode to show a nitrate function. Stable 
potentials were achieved after 15 min. provided that 
the air/solution interface on the electrode surface was 
protected by a coating of impermeable plastic. No 


electrode function was shown in nitrate solutions of 


concentrations less than 0-001 M. 

This work was carried out during the tenure of an 
Agricultural Research Council Postgraduate Student- 
ship. = 

P. H. T. Beckett 

Soil Science Laboratory, 

Department of Agriculture, 
Oxford. 


Heats and Entropies of Reaction of 

Transition Metal lons with Ethylenedia mine 

THE heats of formation of complexes between 
ligands and metal ions are very important to further 
the ligand field-theory and check its implications. 
Until now, only the heats of hydration of the first 
transition group ions have been used for this purpose! 
as the thermochemical data on the complexes 
formed by ligands other than water are very incom- 
plete. The transition metal complexes of ethylene- 
diamine, which have a very nearly octahedral con- 
figuration, could also be fruitfully studied in terms 
of ligand field-theory. Unfortunately only the 


thermal data on nickel (IT), copper (II) and zine (IT) 
complexes are known®*, and so the formation constants 
have been used instead of the values of enthalpy 
changes, with the optimistic assumption that tho 
entropy changes remain constant?.?. 
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For this reason we have measured calorimetrically 
under similar conditions the heats of the stepwise 
formation of the ethylenediamine complexes of 
manganese (II), iron (II), cobalt (II), which are easily 
oxidized, as well as of nickel (II) and zine (11). Copper 
was not taken into consideration since, because of 
the Jahn-Teller effect, the ligand field stabilization 
energy is difficult to estimate. Moreover, the third 
molecule of ethylenediamine is probably bound to 
the metal through only one nitrogen atom‘. 

The calorimetric measurements were carried out 
using a calorimeter similar to that described by 
Davies, Singer and Staveley**. The systems investi- 
gated were 2-5 x 10-? M in metal sulphate and 1 M 
in potassium chloride. In the case of manganese, 
iron and cobalt, oxidation was prevented by bubbling 
nitrogen slowly through the calorimetric liquid during 
the measurements. The actual ionic composition of 
the solution was calculated from a knowledge of the 
stability constants®. The values of AH,, AH,-., and 
AH,_; were obtained by combining the results of 
the measurements made at three different % values. 
For the measurements at low 7% values, the solutions 
were buffered with hydrochloric acid im order to 
prevent the precipitation of basic salts. Experimental 
conditions made it necessary for us to correct the 
heats of reaction for the side reactions : 


2enH+ = en + enH;* and 


en + H,O = enH* + OH 


The heats of reaction have been combined with 
the known free-energy changes to obtain the entropy 
changes. 

Table 1 gives the values of AH, AF and AS at 
25° for the formation of mono-, di- and tris-ethylene- 
diamine complexes. The values of AH,, AH,-, and 
AH,_, are roughly in the ratio 1: 2:3, that is, 
AH, ~ AH, = AH,. This confirms Poulsen and 
Bjerrum’s statement”? that such a ratio is to be 





+ _— ++ 
Migt eg = Menzaq 


30 + 





25 r ‘ 


-AH ‘\ 
keal. / : 


mole _» 
20+ ot 


15+ 











10 my 1 iL iL = 
Mn Fe Co Ni Zn 
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fable 1. THERMODYNAMIO FUNCTIONS FOR SOME METAL(II)-ETHYL- 
ENEDIAMINE SYSTEMS IN 1 M POTASSIUM CHLORIDE AT 25° 


| Mn*+ | Fer Co*+ 








Ni*+ | Znt+ 














AH, | 2:30 | 5:05 | 6-90 8-90 | 6-65 | 
AH. 2 600 | 10-40 | 13-95 18°35 | 13-75 | 
11-05 | 15-85 | 22-15 | 28-35 | 20-70 | 
(kcal mole } | 

| 375] 5:90} 810] 10:50] 7-90 

AP > | 665] 10-45! 14:55 | 19-20] 14-40 

| 7:90] 13:25 | 1865] 25-10| 16-80 

(kcal. ole) | | | 

gE +32 | +20 | +40 | +5-4 +42 

+22 | +0-2 20 +2-9 +2-2 

| -10°5 | -8-7 | 11-8 | -10-9 | -13-4 


a u. y 


expected for all normal complexes, that is, complexes 
free from steric strains and which undergo no change 
in multiplicity during stepwise complex formation. 
Only in the case of manganese is the AH, value very 
much higher than either AH, or AH,. In Fig. 1 the 
experimental AH,., values (upper line) as well as 
the corrected values for the ligand-field stabiliza- 
tion energy (lower line) are plotted against the 
atomic number of the metal. The AH,-s eryst. cor- 
rections were calculated according to the formula : 


AH \-3 cryst. = (4% — 6ny) (Dd. u,0 — Dds en) 


The corrected values all lie above the straight line 
joining manganese to zine. Therefore the hypothesis 
according to which the corrected values for the 
ligand-field stabilization energy vary linearly with 
atomic number? is not verified in this case. 

A more detailed account of this work will be 

ublished elsewhere. 


M. CIAMPOLINI 
PAOLETTI 
L. SACCONI 
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Molecular Quadrupole Moment of Nitric 
Oxide 
Ir is known that nitric oxide is an interesting case 
of a three-electron bond. Taking the x-axis along the 
of centres, the isolated atoms may be described 


= (1s)? (2s)? (2pz) (2py) (2pz) 
) (1s)? (2s)? (2p,) (2py) (2p2)* 


The molecular orbital description of the molecule is 
then! : 
NO KK(2sx)* (280)* (62pr)* (n2py)® (22pz)* (n*2p2) 


The two electrons in the MO (o2p,) form ao bond, the 
four in (x2p,), (~2p,)—degenerate orbitals—form 
bonds, whereas the remaining single electron in 
(x*2p,) is antibonding. 
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_The quadrupole moment Qo. due to the charge 
distribution of the nuclei and electrons may be 
defined? as : 


Q mol. = aff yje¢2(3 cos*6;—1)dt (1) 


where y; is an element of charge (electron or nucleus), 
9; is the distance of the charge from the mass centre 
and 6; is the angle between the internuclear axis and 
Pi-Ymol. May be treated as a sum of contributions 
due to the charge distribution of the nuclei N, O( =Q,,) 
and the electrons (= Q,). 

The following assumptions are made in the cal- 
culations: (1) The mass centre of the system is 
located at the midpoint of the internuclear line 
nitric oxide. (2) The bond N—O is of a pure covalent 
type with no hybridization on N or O atoms. (3) The 
molecular orbitals are represented by combinations of 
Slater type atomic orbitals with suitable screening 
constants for N and O. The contribution of the slight 
non-orthogonality of the molecular orbitals is 
negligible*. (4) The exchange quadrupole contribu- 
tions are negligible’. 

Since the four electrons in spherical s shells cancel 
four units of the nuclear contribution in both N and 
O, we have : 

/ a\ 2 
Q, = Be (F) L 4e (=) (2) 
R being the internuclear distance and e the protonic 
charge. For evaluating the electronic contribution 
we may use the equation : 


X<mMo < Yuoe.? (3 cos*O, — I)Y*yo > = (3) 


bois 


The calculations are essentially similar to those of 
Greenhow and Smith*. The necessary overlap inte- 
grals are read from Mulliken’s‘ master tables. The 
quadrupole integrals of the form : 


Q(2p.) = — £ | valBpode ee%(3 cost 0. — 1) Yal2pa)d= 


2 
are read from Greenhow and Smith* as they were 
conveniently tabulated in units of eR’. 

The final value of Qmoi. comes out as + 1-57 eay* 
as against the experimental value® of 0-28 x 10-** 
E.S.U. or 1-01 eayg*, from observation of microwave 
collision diameters. It may, however, be mentioned 
that the sign of Q is not given by experiment, and the 
magnitude may be in error by as much as 50 per cent 
as a result of some theoretical approximations in 
deriving Q from microwave line-widths. 

It is rather simple to calculate the nuclear contribu- 
tion Q, with reference to the exact mass centre of the 
molecule, which is located at a distance of 8/15 R 
from the N atom. In this case Qmoi, turns out to be 
1-45 eag?. The error introduced in Q, due to the 
approximation (1) is estimated as only ~ | per cent 
though it is ~ 8 per cent in the over-all moment. But 
in evaluating Q, this makes the integrals complicated. 

I am indebted to Prof. Walter Gordy for his kind 
interest and encouragement. My grateful thanks 
are due to the United States Educational Founda- 
tion in India for awarding me a Fulbright travel 
grant. 

This research was supported by the United States 
Air Force through the Air Force Office of Scientific 
Research of the Air Research and Development 
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Concentration-Dependent Sedimentation 
of Aggregating Proteins in the 
Ultracentrifuge 

PROTEINS are by nature sticky substances, and it is 
not surprising that many of them form molecular 
aggregates in solution at well below the concentration 
needed for the appearance of a stable solid phase. 
Ultracentrifuge measurements provide a_ direct 
method of detecting and estimating such aggregation, 
and this communication is concerned with the inter- 
pretation of these measurements when aggregation 
is rapidly reversible, and the velocity of each sedi- 
menting species is a function of the total concentra- 
tion of protein. 

The detailed experiments of Schwert! with «-chymo- 
trypsin illustrate one of the most noticeable effects 
of strong aggregation on sedimentation. The sedi- 
mentation velocity of «-chymotrypsin was shown to 
increase sharply with concentration at low concen- 
trations of protein, to reach a maximum value, and 
then to decrease steadily with further increase of 
concentration'!. The effect was sensitive to changes 
in pH and ionic strength. 

As is now well understood, this behaviour is due to 
the opposition of two factors : the increase in relative 
sedimentation velocity of the protein as a whole, as 
the average particle size increases with concentration, 
and the normal decrease in velocity caused by changes 
in the viscosity and density of the solution and in the 
back-flow of solvent’*. This can be expressed 
theoretically by two methods. The first, suggested 
by Tiselius* (see also ref. 2, and Goldberg®), calculates 
the velocity of the boundary as if this remained sharp, 
and gives the weight-average velocity of the protein 
molecules. The second method*,? takes account of 
the spreading of the boundary by differential trans- 
port, although making no allowance for spreading 
by diffusion, and calculates the velocity of the median 
of the boundary. 

These two methods are illustrated by curves in 
Fig. 1, calculated for the simplest case of aggregation, 
reversible dimerization. It will be found that they 
resemble closely the types of curve obtained by 
Schwert in the reference quoted above. More general 
cases will be considered in a later paper. In the 
present case, the equilibrium between monomer and 
dimer has been assumed to be governed by the equa- 
tion a, = ka*, where k is a constant, and a and a, are 


the respective molecular concentrations of monomer 
and dimer. The velocities of the species have been 
regarded as decreasing linearly with concentration, 
as for non-aggregating proteins’. 
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Fig. 1. Velocity of sedimentation in the ultracentrifuge as a 
function of concentration for monomer-dimer systems in re- 





versible equilibrium. ...... , Weight-average velocity ; . 
velocity of median of boundary; ----, limiting velocities 
Thus : 


v, = (v,)o(1 — ge) 
and 
0; = (ve)o(1 — gc) 


respectively, where c( = a + 2a,) is the total concentra- 
tion of protein expressed in base-molecules per unit 
volume, and g is a constant. Also the monomer and 
dimer particles have been treated as spheres*, so 
that v, = 1:59 v,. In the calculations by the 
second method, the hyper-sharp edge to the boundary 
on the higher concentration side of the maximum of 
the curves has been taken into account. 

By plotting relative velocity, v/(v,)», against relative 
concentration, gc, as in Fig. 1, it is possible to repre- 
sent the whole family of curves on one diagram. 
The determining parameter is the quotient g/k 
(= say). It can be shown that for any system 
for which » > 1-18 the curve has no maximum, and 
the velocity falls steadily with increase of concentra- 
tion. In this region w > 1-18, the two methods of 
calculation are equivalent. 

Two practical conclusions can be drawn from the 
curves in Fig. 1. First, extrapolation backwards 
of the downward-sloping part of the curves leads to 
an intercept somewhere between the limiting sedi- 
mentation velocities of the monomer and the dimer. 
Identification of this intercept with the velocity of 
the dimer will suggest a false, and anomalously high, 
value for the frictional coefficient of the dimer*. 

Second, it appears that even a slight tendency to 
aggregate, far too slight for any tell-tale maximum 
in the curve, will be sufficient to reduce the downward 
slope measurably. In cases, therefore, where a change 
of pH, ionic strength or electrolyte causes a change in 
slope greater than would be expected from sedimenta- 
tion potential effects*, aggregation should be looked 
for. Fibrinogen!® seems to be a case in point. Also, 
if appreciable differences in slope are found between 
the curves for rather similar proteins, as, for example. 
for myeloma globulins", for which the values of 
g could not be expected to differ very much, the cause 
is again likely to lie in differences in aggregation. 
The many unpublished records of sedimentation 
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velocity-concentration curves could well repay a 
search for this effect. 
G. A. GILBERT 
Department of Chemistry, The University, 
Edgbaston, Birmingham, 15. 
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Application of Pyramidone to Detection of 
Nitrous Acid 


PYRAMIDONE _(1-pheny1-2,3-dimethyl-4-dimethyl- 
aminopyrazolone-5) or antipyrine (1-phenyl-2,3-di- 
methylpyrazolone-5) have been used in analytical 
chemistry to detect copper, cobalt, and iron. But 
there are a few references to the application of pyrami- 
done as a cation and anion reducer'.*. I have used a 
freshly prepared 5 per cent solution of pyramidone 
(Merck), to detect nitrous acid ions in the presence of 
other anions and cations. 

Method 1. 3-4 drops of pyramidone solution and 
1-2 drops of diluted (10 per cent) acetic acid were 
added to about 1 ml. of, for example, a solution of 
sodium nitrite or potassium nitrite (Schering— 
Kahlbaum). A violet coloration, not spreading in 
ether, chloroform, amyl alcohol, or carbon tetra- 
chloride, appeared immediately or after a few seconds 
according to the amount of sodium or potassium 
nitrite present. If the quantity of nitrite ions is 
small, the reaction may be accelerated by heating. 
By means of this reaction it is possible to detect 
0-0140 gm. of sodium nitrite in 1 litre of water, or 
0-009 mgm. of nitrite/ml. 

The presence of sulphuric, nitric, iodic, hydro- 
chloric, phosphoric, boric, oxalic, citric, tartaric or 
hydrobromic acid ions does not impair the reaction. 
Hydroiodic acid ions give in such a case a brown 
sediment, which disappears after heating, and the 
solution turns violet. The appearance of the sediment 
is at the same time a proof of the presence of nitrites, 
since there is no sediment in their absence. The 
reaction is not retarded by the presence of a number 
of bi- and tri-valent metal ions. Silver ions and 
pyramidone give a _ blue-violet colouring. The 
detection of small quantities of nitrite in the presence 
of silver is accomplished by the addition of sodium 
chloride and then of pyramidone and acetic acid to 
the solution under examination. Ferric iron also 
interferes. But if the reaction proceeds in the presence 
of potassium fluoride (and tartaric acid as well), then 
the test with nitrites is positive. Mercuric salts and 
pyramidone give a white sediment not interfering 
with the detection of nitrite ; mercurous salts are 
reduced to metallic mercury. If acetic acid is present 
in excess, the sediment is dissolved, and in the 
presence of nitrite ions the solution turns violet. 

Method 2. In view of the fact that aqueous 


solutions of pyramidone decompose rapidly, a dry 
reagent was also used for the detection of nitrite. 
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The reagent was prepared as follows: 1 gm. of 
pyramidone and 1-5 gm. of tartaric acid or citric acid 
wre thoroughly mixed in a mortar and then kept in 
the dark, in tightly closed gallipots. A pinch of the 
reagent is added to the solution under examination 
and mixed with it. If nitrites are present, the solution 
turns violet. 

Method 3. A ‘wet’ reagent in chloroform or 
alcohol can also be used. (a) A drop of the saturated, 
chloroform solution of pyramidone is added to the 
acidified solution under investigation and shaken. 
If nitrites are present in small quantities, the mixture 
must be slightly heated. The solution turns violet. 
(b) A few drops of a mixture composed of equal parts 
of saturated, alcoholic (anhydrous) solution of tartaric 
acid and the same solution of pyramidone are added 
to about 1 litre of the solution under examination. 
In the presence of nitrite, the solution turns violet. 

WIKTOR WAWRZYCZEK 
General Chemistry Department, 
School of Agriculture, Olsztyn, Poland. 
' Wachsmuth, F., Quart. J. Pharm. Pharmacol., 10, 734 (1937). 
* Broeksmit, J., Z. Anal. Chem., 57, 584 \1918). 


Polyvinyl Benzoate Monolayers 


MononayeErs of polyvinyl benzoate show strong 
film properties strikingly similar to those of vertically 
oriented fatty acids and unlike those of horizontally 
oriented polyvinyl acetate. The polymer was pre- 
pared by free-radical bulk polymerization at 82° C. 
Monolayers were studied at 25° C. on the film 
balance’-*. The spreading solvent was twice-distilled 
benzene. 

Fig. 1 shows duplicate pressure-area isotherms for 
polyvinyl benzoate and a representative isotherm for 
polyvinyl acetate‘. Polyvinyl benzoate gives a 
surprisingly small extrapolated area—0-38 m.? per 
mgm., or about 9 A.? per monomer unit. Film 
thickness corresponding to this area averages 20 A. 
As shown in Table 1, compressibility is not much 
greater than that for octadecylphosphonic acid*. 
Most unexpected, however, is the high collapse 
pressure of 53 dynes per cm. ; it is much greater than 
those for many other polymers, somewhat greater 
than that for stearic acid, and the same as that for 
octadecylphosphonic’ acid. Surface pressures are 
unusually stable throughout the compression, and 
the film is rigid. 

Polyvinyl acetate is typical of many horizontally 
oriented polar polymers ; the isotherm gives a large 
extrapolated area that corresponds to a film thickness 
of only 5 A. The film is highly compressible, and 
collapse takes place gradually at about 25 dynes per 
cm.—a pressure hitherto considered high for a film 
of horizontally oriented molecules. 

The strong film properties of polyvinyl benzoate 
and the marked difference between the benzoate and 
acetate films are difficult to explain. One might 


Table 1. MONOLAYER PROPERTIES 


| Collapse Compress- 
Area pressure ibility 
m.?/mgm. | A.*/mol. | (dynes/em.) (cm./dyne) 


Polyvinyl 


benzoate 0°38 9* 53 0 -0056 
Polyvinyl acetate 1-90 27* 25 | 0-0252 
Stearic acid 0:43 20 42 | 90-0019 
Octadecylphos- 

99 53 


phonic acid 0-40 22 0 -0035 


* Per monomer unit. 








884 NATURE 


60 r y +~—— —r 7 
56 + 
| 
2 
52 “ all 
’ 
48 4 
2 
44 » 
7 > . 
= 40 Pour viwve BENZOATE 
- o 
y. » 
= 36 » 
S os } 
5 28 , 
5 _—. 
n | 
= 24 2 2 


x 
oe ete ee ane 


0 0-4 0:8 1-2 16 2-0 2-4 2°8 
Area (sq. m./mgm.) 
Fig. 1. Pressure-area isotherms for polyviny] benzoate and poly- 
vinyl aeetate 

expect aromatic rings to interfere with formation 
of a strong film, as they do in tri-p-cresyl phosphate 
and related compounds*. Molecular models of the 
polymer indicate that close packing of rings is 
possible ; cohesive forces could be great between 
coplanar rings in contiguous parallel alignment. 
Another possibility is that rigid coils or folds rise from 
the surface and pack tightly. The small area per mon- 
omer unit would favour the coiling or folding picture. 

Any branching in the polyvinyl benzoate probably 
could not account for the high collapse pressure. 
Polar branches would tend to orient horizontally as 
does the backbone chain. Moreover, a copolymer of 
vinyl benzoate and vinyl acetate, which presumably has 
less branching than the homopolymer of vinyl benz- 
oate, gives films that collapse at similar high pressures. 

Studies of mixed films may help explain the 
unusual properties of the monolayer of polyvinyl 
benzoate. An equiweight mixture with stearic acid 
gives reproducible monolayers that collapse at 36 
dynes per cm.—well below the collapse pressures of 
the components alone—whereas a corresponding 
mixture of polyvinyl acetate and stearic acid collapses 
at a far greater pressure than do the components‘. 
Evidently the vertically oriented fatty acid interferes 
with the packing of the benzoate polymer, in contrast 
to the marked strengthening produced by the inter- 
action of the acid and the acetate polymer. An 
equiweight mixture of polyvinyl benzoate and 
polyvinyl acetate collapses at a pressure close to the 
average for the two components. 

Further monolayer studies of polar polymers and 
mixtures should shed light on many complex problems 
of polymer structure and behaviour. 
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Vanadium Catalysis of the Oxidation of 
Catechol Amines, Dihydroxyphenylalanine 
and 5-Hydroxyindoles 


In the course of an investigation of the mechanism 
of enzymatic oxidation of serotonin (5-hydroxytrypt- 
amine) by human serum', we found that apparently 
identical chromatographic reaction products? resulted 
when this oxidation was catalysed non-enzymatically 
by cupric ion. We became curious as to what extent 
transitional metals other than copper catalysed this 
reaction, and expanded our investigation to include 
a study of the relative catalytic effectiveness of 18 
transitional elements in the oxidations of related 
compounds of biological interest. 

Glassware which had been washed in sulphuric 
acid — dichromate solution was treated with warm 
nitric acid, 0-01_M versene and 12-15 rinses of 
de-ionized water having a specific resistance > 10° 
ohms at 25° C. All reagents were made up with 
de-ionized water. To 0-01 M concentrations of sub- 
strates in a 0-1 M acetate buffer at pH 6-0, catalytic 
amounts of transitional metals were added so that 
the final concentration of metal was 0-04 mM, or 
about 2y of metal per ml. of reaction volume. Test- 
tubes were incubated at 37° C. and the development 
of colour was followed by measuring the light absorb- 
ance at 500 my in a Coleman Jr. spectrophotometer. 
The following metals were tested: copper (I and 
II), silver (1), zine (II), lanthanum (III), vanadium 
(V), chromium (II), manganese (II), iron (III), 
cobalt (II), nickel (II), gold (III), cadmium (II), 
mercury (II), yttrium (III), zirconium (II) and 
palladium (II). The substrates employed were 
L-tryptophan, tryptamine, 5-hydroxytryptamine, 
D,L-5-hydroxytryptophan, 5-hydroxyindole-3-acetic 
acid, L-tyrosine (saturated solution), tyramine, L-3,4- 
dihydroxyphenylalanine, 3-hydroxytyramine, tL-ad- 
renalin and L-noradrenalin. In terms of the rapidity 
and intensity of colour development, the results were 
striking: vanadium was by far the most active 
catalyst of the oxidations of L-3,4-dihydroxypheny]- 
alanine, 3-hydroxytyramine, noradrenalin and D,L-5- 
hydroxytryptophan. It was also the most active 
catalyst of the oxidation of adrenalin, although copper 
(I and IL) were nearly as effective in catalysing this 
reaction. Colour also developed in the vanadium (V) 
5-hydroxytryptamine and vanadium (V)—5-hydroxy- 
indole-3-acetic acid systems, but in neither case was 
it nearly so intense or rapid as in the corresponding 
systems with cupric or cuprous ions. It was of con- 
siderable interest that colour did not develop in any 
of the systems containing tyrosine, tyramine, trypt- 
amine and tryptophan, even after standing for a week. 

Our interest naturally focused on vanadium, and 
we next tried a series of vanadium compounds in- 
cluding pentavalent V,O, and NaVO, and the tetra- 
valent VOSO, and VOCI,. All were quite active in 
catalysing the oxidations of 5-hydroxytryptamine, 
5-hydroxytryptophan, dihydroxyphenylalanine, 3- 
hydroxytyramine, adrenalin and noradrenalin. There 
was also slight activity in the vanadium—5-hydroxy- 
indole-3-acetic acid systems. (After 72 hr., a light 
pink colour developed in test-tubes containing 
5-hydroxyindole-3-acetic acid and vanadium salts, 
while duplicate controls remained colourless.) Nio- 
bium (V) and tantalum (V) (Na,NbF, and K,TaF; 
were obtained from the Kawecki Chemical Company, 
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Table 1. OXIDATION OF SOME TYROSINE AND TRYPTOPHAN DERIVA- 
TIVES IN THE PRESENCE OF VANADIUM AND COPPER 
Manometric incubation of 8 mM substrates with 0-02 mM metals 

at pH 6-0 in 0-1 M acetate buffer at 40-0° C. Total flask volume 

2-6 ml. + 0-2 ml. 10 per cent potassium hydroxide in centre well. 

Shaking rate 112 oscillations/min. vl. O = total oxygen consumed 

during incubation period. 7', percentage transmission of light at 500 
my at end of incubation period 











Incu- 

bation Control | NaVO, Cus0,.5H,0 

|} (hr) | wl O T A.0 T wl, O 4g 
Tryptamine | 72 8 100 14 100} 6 100 
5-Hydroxy- 
tryptamine 24 10 100 | 7 42 138 21 
p,L-5-Hydroxy- 
tryptophan | 54 24 89} 111 3 6 91 
5-Hydroxyindole-| 
s-acetic-acid 72 13 94 16 81 87 33 
L-3,4-Dihydrox y- 
phenylalanine | 5 3 98 70 4 22 68 
3-Hydroxy- 
tyramine 5 3 90; 70 44 22 67 
L-Adrenalin 5 58 23 135 2 146 5 | 
L-Noradrenalin 5 7 91 50 51 | 27 78 


New York), the two other group Va elements, were 
also tested with the different substrates. Results 
were negative except that there was definite colour 
(first pink, then gun-metal grey and finally black) 
in the niobium—5-hydroxytryptophan system. This 
reaction was slow compared to that obtained when 
5-hydroxytryptophan was oxidized in the presence of 
vanadium. The resulting colours were identical, and 
a black precipitate finally developed in each case. 

We next measured consumption of oxygen in a 
Warburg apparatus; 8 mM substrates were in- 
cubated with 0:02 mM metals at pH 6-0 in an 
acetate buffer at 40-0°C. Most of the metals listed 
above were tested in this system. Table 1 represents 
typical results of many such experiments. Neither 
oxygen consumption nor colour occurred in any 
system containing tryptamine. There was consider- 
able oxygen consumption and development of a 
yellow-brown colour in the copper (I and II) — 5- 
hydroxytryptamine systems. After 24 hr., although 
no oxygen was consumed, the vanadium (IV)-— and 
vanadium (V)-—5-hydroxytryptamine systems also 
developed a yellow-brown colour. With incubation 
times longer than 24 hr., oxygen consumption was 
observed following the initial development of colour. 
In the case of 5-hydroxytryptophan, considerable 
oxygen uptake occurred in the presence of vanadium 
([V and V), but in no other systems with the 
exception of niobium (V), in which there was a 
minimal oxygen uptake and a definite pink colour. 
Vanadium (IV and V) produced marked catalysis 
of the oxidations of the catechol amines. However, 
all these oxidations were also catalysed by copper. 
The only other findings of note were a considerable 
catalysis by manganese (II) and a slight catalysis 
by iron (III) of the oxidation of adrenalin. 

None of these reactions occurred when the systems 
were incubated in an atmosphere of nitrogen for 
periods of up to 24 hr.; when incubated in an 
atmosphere of oxygen, the rate of development of 
colour and of consumption of oxygen increased in all 
ca Ss. 

Descending paper chromatography of the vanadium 
(V) — 5-hydroxytryptophan systems was performed 
in n-butanol/acetic acid/water (125 : 30 : 125, upper 
layer), but no indolic products could be found other 
than 5-hydroxytryptophan. Black pigment was noted 
at the origin. 

Because of the relative specificity of the vanadium — 
5-hydroxytryptophan reaction, we attempted to 
develop this reaction as an assay for smal! amounts 
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of vanadium. While it has been possible to detect 
as little as 0-02y of vanadium per ml. of buffered 
substrate solution, equimolar amounts of copper (II), 
iron (IIT) and cobalt (II) have been found to interfere 
with colour development. The oxidation of dihydroxy- 
phenylalanine is even more sensitive to trace amounts 
of vanadium, but copper (II), iron (III), chromium 
(II) and cobalt (II) also catalyse this reaction, in 
decreasing order of effectiveness. If interfering ions 
could be removed chromatographically, these re- 
actions might prove useful for the colorimetric 
determination of trace amounts of vanadium. The 
hydroxy] ion is a powerful catalyst of all these oxida- 
tions, so that pH control must be rigorous. 

The chief actions of vanadium when administered 
intravenously to dogs are said* to involve the vascular 
system, with the production of intense peripheral 
vasoconstriction in the spleen, kidneys and intestines. 
‘Some time’ after an intravenous injection is given, 
the kidney is said to show an irregular alternating 
constriction and dilatation of its volume. There is 
also a marked increase in peristalsis which is ‘at once 
allayed’ by injection of adrenalin. It is possible 
that one or more of the various vanadium-catalysed 
oxidations described in this communication play a 
part in the mediation of these important pharmaco- 
logical actions. 

This investigation was supported in part by 
Research Grant H-3174 from the National Heart 
Institute of the U.S. Public Health Service and by a 
grant from the State of Washington Fund for Biology 
and Medicine ; a preliminary report has been made‘. 
The technical assistance of Mrs. Grace Warren is 
gratefully acknowledged. 

G. M. Martin 
E. P. BEenpitr 
N. ERIKSEN 
Department of Pathology, 
University of Washington School of Medicine, 
Seattle, Washington. 
1 Martin, G., Benditt, E. P., and Eriksen, N., Fed. Proc., 17, 447 

(1958). 

? Eriksen, N., Martin, G. M., and Benditt, E. P., J. Biol. Chem. (in 
the press). 
* Jackson, D. E., J. Pharmacol. and Exp. Therap., 3, 477 (1912). 


* Martin, G. M., Benditt, E. P., and Eriksen, N., Fed. Proc., 18, 492 
(1959). 


Diffusion of Proteins through Lipophilic 
Agar Gels 


Ir agar is used as a gelling agent, the aqueous 
phase of the gel should not be reduced below 38 per 
cent, otherwise the gel loses quickly its homogeneity 
and the necessary rigidity for handling it experi- 
mentally. Thus the intermediate gels, through which 
the diffusion occurs, contain 2 per cent agar (“Bacto- 
Agar’, Difco Laboratories), 38 per cent aqueous 
buffer solution and 60 per cent of a lipophilic com- 
ponent. In gels Nos. V, VI and VII the latter consists 
of 48 per cent 1,2-propandiol and 12 per cent (by 
weight) of a further lipophilic component as indicated 
in Table 1. These additions raised the lipophilic 
properties considerably. The gel is formed by 
pouring 11 ml. of the hot, thoroughly mixed solution 
on a hot glass plate, such as are used in the 
‘Elphor’ paper strip scanner. After setting, the gel 
is detached from the glass plate and laid upon the 
basis gel of 1 per cent agar in buffer. Drops of 2 per 
cent solutions of pure serum protein fractions, 
containing 200 ugm. of protein, are now placed, using 
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Table 1 
Specific | Uptake Percentage of diffusion : 
Composition of intermediate gel: 2 per cent agar in | viscos- | ofaniline| Relative turbidity a,-lipo- a,-macro- 
| veronal-acetate buffer of pH 8-6 the following lipo- ity blue Sol Ge Albumin protein globulin 
No. philic components SP. Yeeo | (mgm. in | (per cent) (per cent) (per cent) (percent) (per cent) 
100 ml.) 
[ | 2 per cent agar - — 65 540 12 8 9 
II | 2 per cent agar + ethyleneglycol 4-10 0-01 ‘60 263 13 10 14 
III | 2 per cent agar + dimethylformamid 1-90 5-18 112 | 454 22 10* — 
IV | 2 per cent agar 1,2-propandiol 7-44 0-15 67 322 8* 138 | 12° 
V | 2 per cent agar + 1,2-propandiol + propanamid 5-76 2-43 137 370 -- 16 | — 
VI | 2 per cent agar + 1,2-propandiol + hexane-1,6-diol 7°76 1-61 156 358 ll 30 _ 
VII | 2 per cent agar + 1,2-propandiol + glycerol triacetate 5-64 1-12 125 355 13 37 


* Approximate values. 


an ‘Agla’ pipette, at regular intervals on the surface 
of the intermediate gel. After 48 hr. in a wet chamber 
the proteins having diffused into the basis gel are 
measured by a technique which I have already 
described!.* (Fig. 1). The following protein-fractions 
were used: serum albumin (mol. wt. 69,000) ; 
a,-lipoprotein (mol. wt. approx. 250,000, ref. 3, 45 
per cent lipoid-component, ref. 4; Behringwerke, 


Marburg/Lahn) and «,-macroglobulin (mol. wt. 
846,000, ref. 5; Behringwerke, Marburg/Lahn). 


Fig. 1 shows results of the standardized technique, 
allowing 7 diffusion tests per glass plate. If the 
intermediate gel contains only agar, average values 
should not differ by more than 5 per cent; with a 
lipophilic component in the gel the limit is rather 8 per 
cent. Microphotograms have shown that the latter 
gels are less homogeneous. 

The values given for diffusion in Table 1 are in 
percentages of those obtained without diffusion 
(compare a in Fig. 1). Differences in dye-uptake of 
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Fig. 1. a, Spots of a,-lipoprotein, placed on a 1 per cent agar gel 
and stained with naphthalene black. Above each spot is the 
scanning as delivered by the Zeiss Extinktionsschreiber II; 
b, spots of a,-lipoprotein after diffusion through a lipophilic 
agar-gel containing 1,2-propandiol and propanamid (see Table 1, 
gel No. V); ¢, spots of a,-lipoprotein after diffusion through 


an agar gel containing 1,2-propandiol and hexane-1,6-diol (see 
Table 1, gel No. VI) 


URE 


June 11, 1960 


the various fractions are thus avoided. Viscosity of 
the buffered solutions (without agar) was measured 


in an Ostwald capillary viscosimeter immersed in a 1 
20° C. constant-temperature glass’ water-bath. In 
order to obtain a measure of the lipophilic property, é 
these solutions were shaken with ethanol-soluble c 
aniline blue (Geigy, Basle). Optical density of the t 
filtrate was measured in the Beckman DU on wave- c 


length 600 mu. Values for relative turbidity were 





measured by the Zeiss Stufenphotometer with a 0 
special attachment for the measurement of the stray s 
light. 0 
It follows that in gels with a lipophilic component 

(II, ITI, VI, VII), the diffusion of albumin remains e 
stationary, whereas the diffusion of «,-lipoprotein 7 
increases up to 450 per cent (comparison of gels I and v 
VII). The chemical composition of this lipoprotein c 
seems to be more important than particle-size. The 0 
latter interferes with the diffusion of «,-macroglobulin 

in gels III, V, VI and VII; no measurable amount a 


passes the intermediate gel within 48 hr. Work on 
the electrophoretic behaviour in analogous agar-gels 
is in progress. 
CH. WUNDERLY 
Medical University Clinic, 

Zurich. 

Jan. 16. 
? Wunderly, Ch., Nature, 182, 1087 (1958). 
2? Wunderly, Ch., Clin. Chim. Acta, 4, 754 (1959). 
* Lindgren, F. T., Elliot, H. A., and Gofman, J. W., J. Phys. Coll. 

Chem., 55, 80 (1951). 

* Heide, 5S aaenen. R., and Schwick, G., Behringwerk-Mit., 


* Schultze, H. E., Clin. Chim. Acta, 3, 24 (1958). 


Antioxidative Effect of Amino-Acids 


AMINO-AcriDs are often mentioned as synergistic 
antioxidants. Their mechanism of enhancing the 
effect of primary antioxidants can be explained in 
different ways: by chelation of pro-oxidative metal 
traces' and by regeneration of oxidized primary 
antioxidants*-*. It has also been shown that amino- 
acids may play the part of synergistic antioxidants as 
natural constituents of food material’. On the other - 
hand, there is a lack of systematic survey on a 
more general basis of this effect of amino-acids. 
Certain results have been published, which, however, 
refer to special conditions*,’”.. No data are available 
on the effect of amino-acids in absence of other anti- 
oxidative substances. 

Experiments have been carried out to compare the 
antioxidative effect of several amino-acids and to 
study the dependence of this effect on certain factors, 
both in herring oil emulsions and in model systems 
with linoleic acid. Originally this work referred to 
oxidation in fatty fish. Variation of oxidizability in 
this material made it necessary to pass to the model 
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Table 1. RATE OF OXIDATION IN HERRING OIL EMULSIONS, WITH 
{DDED AMINO-ACIDS, RELATIVE TO THE RATE WITHOUT AMINO-ACID 





Molar 

Amino-acid | 0-001 0-01 
Glutamie acid 0-92 0-74 
Methionine 0-88 0-72 
Alanine 0-93 0-68 
Asparagine 0-88 0-66 
Valine 0-87 0-57 
Aspartic acid 0:86 0-56 
Serine 0-81 0-47 
Lysine 0-69 0-37 | 
rryptophan 0-45 0-31 
Histidine 0-41 0-17 








{ ml. emulsion with 33 per cent oil, 1 per cent “Tween’ 20 and 
1/150 mol. phosphate buffer, pH 5-6, 35° C. 


svstems. Oxidation has been followed by measure- 
ment of oxygen consumption by means of a mano- 
metric Warburg apparatus. In the case of herring 
oil and linoleic acid autoxidation, the course of 
oxygen consumption did not show any distinct induc- 
tion period. Oxygen consumed per hour based upon 
consumption during several hours was taken as a 
measure of oxidation rate and the relation between 
oxidation rate with and without addition of the 
substances examined as a measure of their effect on 
oxidation. 

In the case of herring oil, 10 of 11 amino-acids 
examined had antioxidative effects of varying degree. 
The effect was strongest with histidine (Table 1). It 
was pro-oxidative with cysteine. The tocopherol 
content of herring oil was determined to be about 
0-01 molar. 

The results obtained for autoxidation of linoleic 
acid show that amino-acids may have an antioxidative 
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effect in the absence of tocopherol or other primary 
antioxidants. Amino-acids are. consequently able 
to act as primary antioxidants themselves. Several 
amino-acids were examined and showed different 
effects. The effect is considerably dependent on pH : 
it was, in the case of alanine and histidine, relatively 
small at pH 7-5 and strong at pH 9-5 (Fig. 1). 

With increasing concentration of amino-acid, the 
effect—after having passed a maximum (that is, a 
minimum oxidation-rate)—decreases and may, at 
pH. 7-5, change from antioxidative to pro-oxidative. 
This phenomenon is well known from other primary 
antioxidants, for example, tocopherol. The threshold 
concentration for this inversion was different for the 
specific amino-acids examined. The effect of cysteine 
was at pH 7-5 pro-oxidative within the whole range. 
At pH 9-5 cysteine was strongly antioxidative like 
the other amino-acids examined. The results at 
pH 7-5 were in certain respects in agreement 
with the results of experiments with herring oil 
emulsions. 

The amino-acids could also be shown to have a 
synergistic effect together with a-tocopherol. When 
a-tocopherol was added in a concentration which 
without amino-acids only slightly decreased the rate 
of oxidation, the relative effect of amino-acid addition 
was considerably greater than in the absence of toco- 
pherol, at least at pH 7-5. At pH 9-5 the strong 
effect of amino-acid addition was only slightly 
re-inforced by tocopherol. 

Work is going on regarding the effect of amino- 
acids in the hemin-catalysed oxidation of linoleic 
acid. In this case quite a different type of curve for 
oxygen consumption, with a distinctly marked induc- 
tion period, is obtained. The influence of amino- 
acid addition on the length of the induction 
period seems not to be correlated with the effects 
described above. A final account will be published 
later. 

REtNHARD MARCUSE 


Swedish Institute for Food Preservation Research, 
Gothenburg. 
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Mycosides: a New Class of Type-Specific 
Glycolipids of Mycobacteria 


Srup1iEs by the combined techniques of chromato- 
graphy and infra-red spectroscopy of the lipid content 
of 85 strains of Mycobacteria including human, 
bovine and avian species and representatives of the 
atypical acid-fast group', have led to the recognition 
that some of the compounds are limited in distribu- 
tion to a single species of organism and may in fact 
serve to distinguish between the various species 
of Mycobacteria. The distribution of these sub- 
stances in the various species of Mycobacteria 
studied is as follows: phthiocerol dimycocerosate 
present in the lipids of 28 out of 30 human strains 
studied ; a compound called Gg? present in the 
lipids of 7 out of 7 bovine strains studied (Gg is 
accompanied by phthiocerol dimycocerosate in 
virulent bovine strains); a compound called G4 ‘ 
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present in the lipids of 17/17 photochromogenic' 
strains ; a compound called Jay * present in the lipids 
of 11/13 avian strains and also in the lipids of 3/6 
non-photochromogenic strains. The purpose of this 
communication is to propose a more rational nomen- 
clature for these substances. 

Chemical investigation has shown that the three 
categories of substances provisionally named G4, Gg 
and Jq are glycolipids, containing characteristic 
O-methylated 6-deoxyhexoses in glycosidic linkage. 

We wish to propose the general name ‘mycoside’ 
for these compounds ; a mycoside could be defined as 
‘a type specific glycolipid of Mycobacterial origin’. 

G4, characteristic of photochromogenic strains, 
should be called mycoside A. -Gp, characteristic 
of bovine strains, should be called mycoside B. 

Jay, characteristic of avian strains, should be called 
mycoside C. The following preliminary data can be 
given concerning the chemical structure of these 


compounds : 
(1) Myeoside A has been obtained as a nearly 
colourless solid melting at 105°, [a«}]j? — 37 


(CHCI,); C, 72-2; H, 11:3; OCH,, 8-6; N,9; 
P, 0 per cent. The ultra-violet absorption spectrum 
shows maxima at 222, 274 and 278 my (in hoxane). 
Mycoside A contains three different O-methylated-6- 
deoxyhexoses, which have been identified as 2-0- 
methyl-fucose, 2-O-methyl-rhamnose and 2,4-di-O- 
methyl-rhamnose®. The lipid moiety of mycoside A 
is & mycocerosate of an aromatic alcohol. 

(2) Mycoside B is a colourless wax, melting at 25 
[x]z¢ — 22° (CHCI,); C, 76-6; H, 12-0; OCH, 
4-3; N, 0; P, 0 per cent. Mycoside B has about 
the same ultra-violet absorption maxima as mycoside 
A (222, 274, 281 mu). Mycoside B contains only one 
sugar, identified as 2-O-methyl-rhamnose®. The 
lipid moiety of mycoside B is a diester of two molecules 
of a branched chain acid fraction of mean molecular 
weight corresponding to C,,H,,O, with a phenolic 
alcohol (Demarteau-Ginsburg, H., and Lederer, E., 
unpublished experiments). In previous experiments‘ 
mycocerosic acid was found in mycoside B; it is 
possible that the nature of the acid varies in depen- 
dence of strain and culture medium. 

(3) Mycoside C is a peptide—glycolipid‘ and can be 
separated by chromatography on silicic acid into 
several closely related compounds. One of these, 
melting at 200°, [«]3° — 31° (CHCI,), has an approxi- 
mate molecular formula C,,H,,;N,0.,; calculated 
for C,,;H,3sN,03,: C, 59°38; H, 9-1; N, 4:8; 
for 3 OCH, 6-3 per cent; found: C, 60-1; H, 8-7; 
N, 5-1; OCHs, 6-0 per cent. 

This particular mycoside C preparation contains 
three different deoxyhexoses, of which two have been 
tentatively identified as 6-deoxytalose and 3,4-di-O- 
methyl-rhamnose ; the third sugar is possibly a mono- 
methyl ether of 6-deoxy-talose (MacLennan, A. P., 
unpublished experiments). 

The peptide portion of mycoside C contains three 
different amino-acids linked in a pentapeptide ; one 
molecule of pD-phenyl-alanine, two molecules of allo- 
threonine and two molecules of p-alanine. The lipid 
moiety of mycoside C has not yet been obtained in a 
pure state, but seems to be a hydroxyacid of approxi- 
mate molecular formula C,,H,,0;. Two O-acetyl 
groups are also present in mycoside C and can be 
readily recognized in the infra-red spectrum by a 
band at 8-lu. 

A more detailed report on the chemical structure 
of mycoside C will be published soon’. 
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We are indebted to Drs. M. Ikawa and E. E. Snell 
(Berkeley) for the determination of the configuration 
of the amino-acids obtained from mycoside C. 

Donatp W. SmrrH 
Department of Medical Microbiology, 
University of Wisconsin. 
H. M. RANDALL 
Department of Physics, 
University of Michigan. 
A. P. MacLENNAN 
Microbiological Research Establishment, 
Porton. 
E. LEDERER 
Institut de Biologie Physico-Chimique, 
Paris. 
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Hemorrhagic Lipzmia in the Rat 


Coleman and Beveridge' have recently directed 
attention to the influence of blood sampling on the 
level of plasma cholesterol in the rat. They observed 
that a diet containing merely corn oil did not increase 
the plasma cholesterol-level ; but when it was com- 
bined with frequent blood sampling a significant 
increase followed. Further, blood sampling on 
alternate days even in the absence of fat in the diet 
was sufficient to cause an increase in the plasma 
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Fig. 1. Mean group values for blood hemoglobin during the 
experiment 
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Fig. 2. Mean group values for serum total cholesterol and phospho- 
lipids during the experiment 


cholesterol. Since some important earlier studies on 
hemorrhagic lipemia in experimental animals are 
not mentioned, we wish to give the following brief 
references and to present some additional data of 
our own. 

Miettinen? has shown that in the rat bleeding 
causes a lipemic turbidity of the serum and that 
relatively the greatest rise occurs in the total lipids. 
The phospholipids increase significantly more than 
the cholesterol. He further showed that the increase 
in cholesterol and phospholipids occurs chiefly in the 
«-2 lipoprotein fraction separated by paper electro- 
phoresis. The administration of heparin to such 
lipemic rats caused changes which were opposite to 
those resulting from bleeding*. In these experiments 
the bleeding was heavy enough to make the rats 
markedly anzmic. 

In an extensive and thorough work Starup* showed 
that the development of hemorrhagic lipzemia in the 
rabbit correlated best to the changes in the blood 
hemoglobin-level. A similar lipemia resulted from 
exposure of the animals to low atmospheric pressures. 
Starup regarded hypoxemia as the cause of the 
lipzemia. é, 

We have recently investigated some of the factors 
connected with the development of hemorrhagic 
lipemia in the rat*. Three groups of rats, each 
consisting of eight intact male animals on a standard 
low-fat diet, were subjected to a daily withdrawal of 
an amount of blood corresponding to 2 per cent of 
body-weight. The first group served as a control 
group and developed a marked anzmia, together 
With a definite increase in the serum cholesterol and 
phospholipid concentrations and visible lipemia. 
The animals of the second group received after each 
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bleeding an amount of rat serum approximately 


corresponding to the amount withdrawn. In this 
group anemia and lipemia developed similarly to 
the control group. The rats of the third group 
received after each bleeding an amount of washed 
red cells sufficient to prevent the development of 
anemia. In this group no lipemia occurred. These 
results are in accordance with those obtained on 
rabbits by Starup*.?. 

A fourth group of rats consisted of seven hypo- 
physectomized animals which were bled sufficiently 
to produce an anemia of the same degree as that of 
the control rats. Also in hypophysectomized rats 
the bleeding caused an increase in the serum chole- 
sterol- and phospholipid-levels, but in the sera of 
these animals there occurred no visible turbidity. 

It thus seems probable that the anemic anoxia 
is the cause of the hemorrhagic lipemia. As to the 
mechanism of development of the hemorrhagic 
lipemia, it cannot be considered to be due solely to 
a reaction dependent on the hypophysis, such as 
stress, since the serum cholesterol- and phospholipid- 
levels rose also in the hypophysectomized rats. The 
lack of an apparent increase of serum neutral fats 
in these rats can be explained in several ways, for 
example, by an acceleration in ‘the lipemia clearing 
activity’ in hypophysectomized rats’, or by an 
impaired neutral fat mobilization from the depots. 
There remains the possibility, however, that in bleed- 
ing anemia the elevation of neutral fats, on one hand, 
and that of cholesterol and phospholipids, on the 
other hand, are mediated by different mechanisms, 
the former possibly through the hypophysis. 
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PHYSIOLOGY 


Action Potentials in Active Tissue with 
Delayed Potassium Permeability 


In 1952, Hodgkin and Huxley’ published a modei 
which describes with considerable accuracy the 
electrical activity of nerve axons. The action potential 
in this tissue is accounted for by a large temporary 
increase in the permeability of the cell membrane, 
first to sodium ions, and then a millisecond or so 
later to potassium ions. 

In the course of an investigation into the applic- 
ability of this model to the action potential in cardiac 
muscle tissue, I was led to explore the solution to 
the Hodgkin—Huxley equations when the increase 
in potassium permeability is suppressed. Under this 
condition active tissue was found to have two stable 
states which may be understood by reference to 
Fig. 1. 
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The equation to be solved! is: 


dV 

C a + Gx (V — VE) + gna mh (V — Vya) 

+n(V—Vi) =0 (1) 
The first term is the capacity current, the remaining 
terms give the potassium, sodium and leakage currents 
respectively. 

For a steady state the first term is zero, and for 
simplicity I put the leakage current equal to zero 
also as it is in any event quite a small term. Vx 
and Vya are reference potentials depending on the 
internal and external ionic concentrations, which in 
squid axon are Vx = + 12 mV., Vya = 115 mV. 

If the potassium permeability Gg is constant, 
then the curve representing the second term in the 
above equation is a straight line, which has been 
drawn with sign reversed in Fig. 1 (AB). In the 
term giving the sodium permeability, gna is a con- 
stant and m and h are functions of V and ¢ given 
by Hodgkin and Huxley. The steady-state values 
of these variables have been taken from ref. 1 and 
the resulting current is plotted on Fig. 1. 
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Fig. 1. Equilibrium values of sodium and potassium currents for 
various voltage displacements from the resting value and for 


constant tassium conductivity. The potassium current is 

plotted with sign reversed, and the intersections of these two 

curves give possible equilibrium values of V, Vy; and Vy 

The voltage corresponding to the steady state will 
then be given by the intersection of these two lines. 
It is immediately obvious that provided Gx is less 
than a certain limiting value, there are two points of 
intersection C and D corresponding to two stable 
potentials Vy; and Vy. Fig. 1 has been drawn with 
the value GE = 3-66 10-* mhos/em.?, the resting 
value measured by Hodgkin and Huxley, when the 
values of V; and V1 are found to be Vj = — 56mV., 
Vy = — 6mV. The limiting value of Gg correspond- 
ing to the dotted line in Fig. 1 is found to be 
Gy, = 1-9 X 10-3 mhos/em.?. 

The general solution to equation 1 for Gg = con- 
stant = 3-66 x 10-* mhos/cm.? has been integrated 
using the fast digital computer Silliac in the School 
of Physics, University of Sydney. The result is 
shown in Fig. 2 and bears a striking resemblance to 
the early part of the action potential of Purkinje 
fibres*. 

Tasaki and collaborators*-* have presented evidence 
demonstrating the existence of a bistable state of 
the nerve membrane under certain conditions. For 
example, Tasaki and Hagiwara* showed that the 
effect of tetraethylammonium is to prolong the action 
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Action Potential for 
Gx = const.» 3-66 x 10% mhos /em® 
100F gy * 3x10" Ko normal ) 
mv. 
Sor 
id 20° 30 — 


Time (msec.) 


Fig. 2. Form of action potential calculated for Gg = constant = 

3°66 <x 10-* mhos/cm.*. Following the initial spike due to the 

sodium current, the potential settles down at the alternative 
steady level (Vj of Fig. 1) 


potential in the squid axon and abolish the delayed 
rise in potassium conductivity. These authors were 
unable to explain their results in terms of the 
Hodgkin—Huxley model, but it appears that they 
can be so explained along the lines indicated above. 
Similarly, the other conditions for producing bistable 
states',> may be understood in terms of Fig. 1. 
A fuller description of these results is in the course 
of publication. 
E. P. GEORGE 
Physics Department, 
St. Vincent’s Hospital, 
Sydney, N.S.W. 
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Thyroid-Powder Feeding and Liver Nitrogen 
in Mice 

Ir is known that thyroid hormone increases liver- 
weight in animals', accelerates the regeneration of 
liver in partially hepatectomized animals* and induces 
changes in liver cells representing typical growth’. 
The effect of thyroid hormone on liver nitrogen 
appears to have been less well studied We have 
therefore investigated the effect on liver protein and 
glutamine in mice of feeding thyroid powder. 
Glutamine is found in relatively large quantities in 
various tissues, and the ability of these tissues both 
to synthesize and to break down proteins suggests 
that glutamine may serve as an important reservoir 
of ammonia nitrogen‘. 

The experiments were carried out in male mice of 
Swiss strain weighing 23-25 gm. The animals were 
fed a standard stock food ad libitum. To produce 
hyperthyroidism, 0-5 per cent desiccated thyroid 
powder was added to the standard food for 10 days. 
On the eleventh day the animals were autopsied and 
liver-weight, protein and glutamine were measured. 
Liver protein for homogenized tissues was determined 
by the Kjeldahl—Pregl method. For determination 
of glutamine, the homogenates were deproteinized 
by the Folin-Wu method, and glutamine in the 
filtrate was determined by Whitehead and Whittaker’s 
method’. The results are shown in Table 1. In- 
creased weight of liver was observed in thyroid- 
fed animals. This increase is not related to a change 








aoee w 











8). 


n 


of 


PS 


mn 
re 


d 


in 
h 
ts 
ir 








No. 4728 June lL 1960 





NATURE 891 


Table 1. EFFECT OF FEEDING THYROID POWDER ON LIVER-WEIGHT, PROTEIN AND GLUTAMINE 








| 
| Liver : 
Treatment and Body-we _ =. > | Weight Proteint Glutaminet 
No. of animals Before fter } Actual Relative* Total Total | 
| (gm.) (mgm./100 gm.) (gm.) (mgm./100 gm.) (mgm.) 
Control (33) 24 23-9 9 | 1-187+40-090 4-98+40-01 23-50+0-30 0-278+0-030 106-3+5-1 1-250+0-071 | 
Experimental (36) | 24 23-7 1-346+0-080 5-°85+0-03 23-4340-22 0- 321 4 -0-020 126-448:1 1-620 +0-084 | 








* Relative liver- weight is the actual weight of liver per 100 gm. body-weight. 


+ Liver protein is calculated in gm. per 100 gm. Total protein is that in the whole liver in gm. 
¢t Glutamine is calculated in mgm./100 gm. Total glutamine is the estimated value in mgm. in the whole liver. 


in body-weight, since the relative liver-weight is 
also increased. The gain in liver-weight is also 
accompanied by a significant increase in total 
protein (P < 0-02), but there is no change in the 
percentage of liver protein. The increase in liver 
glutamine was more pronounced; there is a sig- 
nificant increase in percentage (P = 0-02) as well 
as in the total liver glutamine (P = 0-001). 

These findings are in conformity with the fact 
that hypophysectomy reduced kidney glutamine in 
dogs, but the administration of growth hormone 
produced increased glutamine in kidneys and plasma 
along with nitrogen storage and gain in weight*. 

If glutamine is taken as a measure of the metabolic 
nitrogen pool, the action of thyroid hormone in 
promoting protein anabolism may be associated with 
the rise in the amount of glutamine. 

This work was supported by a grant from the 
Royal Hellenic Foundation for Research. 


A. N. GRANITSAS 
M. KuKKku 
M. KonsTANTINIDU 
Institute of Physiology, 
University, Athens 6. 
' Myers, J. B., Brannon, E. S., and Holland, B. C., J. -_ Tnvest., 
29, 1069 (1950). Belasco, I. J., Endocrinol., 28, 153 (1941). 
Higgins, G. M., Arch. Path. (Chicago), 16, 226 (1933). 
* Sternheimer, R., Endocrinol., 25, 899 (1939). 
* Meister, A., Physiol. Rer., 36, No. 1, 103 (1956). 
* Whitehead, T. P., and Whittaker, 8S. R. F., J. Clin. Path., 8, 81 (1955), 
* Bartlett, P. D., Fed. Proc., 8, 182 (1949). 


Effect of Curare on Conduction in 
Myelinated, Isolated Nerve Fibres of the 
Frog 


THE inhibitory effect of curare on the transmission 
of nerve impulses across myoneural junctions is 
generally attributed to its binding with the specific 
acetylcholine receptors in the motor end-plate 
membranes in competition with the acetylcholine, 
thereby preventing the ester from exerting its depolar- 
izing action. Since the work of Claude Bernard, it 
has been known that curare acts specifically on the 
motor end-plates without any effect on axonal 
conduction. The failure of externally applied acetyl- 
choline to affect conduction of nerve fibres was 
explained by Nachmansohn!' as being due to per- 
meability barriers surrounding the axon which are 
impermeable to lipid-insoluble compounds, such as 
nethylated quaternary nitrogen derivatives, and 
cannot reach, therefore, the interior of the axon. 
These permeability barriers also explain the absence 
of any action of curare on axonal conduction: if 
monoquaternary ammonium salts are unable to pene- 
trate these barriers, it is certainly to be expected that 
diquaternary salts will not enter. This does not 
indicate that the acetylcholine receptor upon which 
curare is supposed to act at the myoneural junction is 





not present and functional in the axon, only that it 
cannot be reached. If this viewpoint is correct, then 
diquaternary compounds which have two cationic 
nitrogens at the proper distance but are in addition 
soluble in lipid, such as stilbamidine, should have 
curare-like action. Block of conduction by stilbami- 
dine was obtained by Bergmann, Wilson and Nach- 
mansohn? on the axon, and by Schoffeniels and 
Nachmansohn* on the conducting membrane of the 
electroplax of Hlectrophorus electricus. 

Another possibility to test this point of view is the 
use of a preparation where there is reason to believe 
that the structural barrier around the conducting 
membrane is relatively weak. Electron-microscope 
studies have revealed that at the nodes of Ranvier 
the conducting membrane is covered by a very thin 
structure. d-Tubocurarine chloride was applied to a 
single nerve fibre preparation as described by 
Staémpfli‘. Conduction was blocked reversibly in a 
concentration of 10-? M. The time necessary for 
this effect across the Ranvier node varied between 
l and 15 min. In cases where the blocking time was 
longer than 7 min., the reversibility was poor. Fig. 
la shows the effect of 10-* M curare after 40 sec. 
The duration of the spike is significantly increased. 
After 100 sec. conduction was completely blocked 
(6). Partial recovery was obtained after rinsing the 
node with Ringer’s solution for 60 sec. ; 4 min. later, 
the height of the spike was restored to its original 
value, but the duration was still prolonged. 


Ke 50mV. 
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Fig. 1. Electrical activity at the node of Ranvier of a single nerve- 
fibre preparation of Rana pipiens exposed to d-tubocurarine 
chloride. 

(a) and (6), 10-* M, (c) and (d), 5 x 10-* M. (a) 40 sec. after 
exposure, increased duration of spike; (6) after 100 sec., com- 
plete block of conduction. Return to Ringer’s solution brings 
spike partially back; after 4 min. height of spike has returned 
to normal although the duration is still increased ; (c) 5 sec. after 
curare the height of spike is increased and the duration prolonged. 
(d) after 40 sec., complete block of conduction. After 60 sec. in 
Ringer’s solution, height of spike returns to normal. ¢ = 24° C., 
time, 1,000 cycles/sec. 
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In some cases 10-* M curare had only a small 
effect on the duration of the spike and did not cause a 
block even after exposure for 15 min. In these cases 
curare in a concentration of 5 10-* M had a strong 
and rapid effect. In Fig. lc the duration of the action 
potential is prolonged after 5 sec. Block of conduc- 
tion occurred after 40 sec. (Fig. 1d). After 60 sec. in 
Ringer’s solution the spike has returned, although not 
yet to its original height. Repeated exposure of the 
same fibre to the same concentration of curare brought 
the blocking time down to 5 see. Fibres which did not 
respond to 1 10-* M curare but did to 5 « 10-* M 
showed block after 1-2 min. when exposed again to 
1 x 10° M. 

d-Dimethyltubocurarine chloride, which is slightly 
more soluble in lipid than is d-tubocurarine, was also 
used, but no significant difference was found. Eserine 
blocks conduction of the node of Ranvier in low 
concentrations (30-40 ugm./ml.)°. This tertiary 
nitrogen derivative penetrates readily into the 
interior of the axon. Prostigmine also causes a 
block, but the concentration required for the 
effect is about tenfold higher (about 1-7 10-3 M, 
equivalent to ~ 500 ugm./ml.) and longer periods of 
exposure are needed*. Prostigmine, being a methyl- 
ated quaternary nitrogen, does not penetrate into 
the interior of the nerve fibre’. Both compounds 
are in vitro almost equally strong inhibitors of acetyl- 
cholinesterase. The quantitative differences observed 
on the Ranvier node as to time and concentration 
may be attributed to differences in the rate of penetra- 
tion. It is therefore not surprising that curare, too, 
requires relatively high concentrations. But the 
fact that it blocks reversibly electrical activity at 
the node of Ranvier supports the view of Nachman- 
sohn that the role of the acetylcholine system is 
basically similar in axonal conduction and in synaptic 
transmission. 

This work was supported by the Division of 
Research Grants and Fellowships of the National 
Institutes of Health, U.S. Public Health Service, 
Grant No. B-400, by the National Science Foundation, 
Grant No. G-4331, and by the Atomic Energy Com- 
mission, Contract No. A7(30-1)-1503. 
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Level of Sulphydry! Compounds in Rat 
Liver following Feeding with Goitrogenous 
and Non-goitrogenous Cabbage 
In work on the relationship between the goitro- 
genous activity of cabbage and sulphate utilization 
from nutrient media'®, we have now followed, 
among other factors, the total sulphydryl compounds 
in the liver of experimental rats, by means of polaro- 
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graphic estimation*. The rats were given a goitro- 
genous and a non-goitrogenous variant of cabbage 
(Brassica oleracea var. capitata), grown in sand culture 
with nutrient solutions. The nutrient solution for the 
non-goitrogenous variant of cabbage contained 1 
mgm. equivalent of sulphate and that used for the 
goitrogenous variant 25 mgm. 2quivalent of sulphate 
per 1 1. of solution. The other nutrient substances, 
both macro- and micro-elements, were present in 
equal amounts in both solutions. 

Goitrogenicity of the cabbage thus cultivated was 
tested experimentally on white female rats of the 
Wistar strain, average weight 120 gm. One group of 
20 rats received a daily ration of non-goitrogenous, 
another group of 20 rats had the goitrogenous variant 
of cabbage. In addition, both groups received 
Larsen’s diet without any water. The controls, a 
group of 10 rats, were fed on Larsen’s diet and had 
water to drink. The experiment lasted 33 days. 
24 hr. before being killed the animals were given 


20 uc. of iodine-131 intraperitoneally in 0-5 ml. of 


physiological solution; during these 24 hr. the 
animals were kept fasting, but all had water to drink. 
Beside the sulphydryl compounds, a series of determ- 
inations were made from which the goitrogenous 
activity of the particular variants of cabbage could 
be inferred (Table 1). 


Table 


_ 


Rats fed on Rats fed on 


Controls* non-goitrogen- | goitrogenous 





Type of (n 10) ous variant of variant of 
estimation cabbage cabbage 
(n 20) | (n 20) 
Total sulphydryl 
compounds in 
liver expressed | 
in mgm. of SH- | 
glutathione/i00 | 
gm. of fresh liver | 322:7462-4— 258°2214°5 625-9+473-4 


Percentage of epi- | | 
thelial cells in } 

histological pre- 

paration of the 

thyroid 43-7+4-9 41-5+2°8 
Percentage of col- | 

loid in cells of | 

histological 

thyroid prepara- | 


51-°9+5°8 


PBI-131 content 
in 1 ml. of serum 
as percentage of 
dose administered| 0-034+0-01 | 0-0258+0-003 | 0-108 +0-059t 
Thyroid weight in | 

mgm./100 gm. 

body-weight 9-841°-1 10-141°9 


tion | 44-145-7 | 44-243-4 | 345169 
Iodine-131 uptake | | | 

| by thyroid as | 

| percentage of | 
dose ae | 4424100 | 4814112 70-44+16°1f | 


10-641-7 


Il — — eittineeetianeins 


* n, number of rats in the experiment. 
+ Average + standard deviation. 


t Increased uptake of iodine-131 by the thyroid and PBI-131 in 
1 ml. of serum is accounted for by the unblocking effect of goitrogens 
on the thyroid as a result of a 24-hr. exclusion of cabbage from the diet. 


Total sulphydryl compounds in the liver were 
measured immediately following the death of the 
animals. 4-5 gm. of liver were homogenized with 
40-50 ml. of 1 per cent acetic acid and the anode wave 
of sulphydryl compounds was registered polaro- 
graphically in 10 ml. of filtrate on a Heyrovsky 
polarograph, type V 301. The quantitative evalua- 
tion of the waves of sulphydryl compounds was 
carried out by adding standard solutions of SH— 
glutathione. 

The results in Table 1 and Fig. 1 show that rats 
fed with the goitrogenous variant of cabbage store 
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Fig. 1. Total sulphydryl compounds in experimental rat livers. 


Cc, Control group; I, groups of rats fed with non-goitrogenous 

variant of cabbage; ILI, groups of rats fed with goitrogenous 

variant of cabbage. Individual columns indicate average value 

with standard deviation. Blank columns indicate values obtained 

for rats consuming cabbage heads; shaded columns for those 
consuming green cabbage leaves 


in the liver twice as much (P S 0-0001) total sulphy- 
dryl compounds, expressed in terms of glutathione, 
as do those fed on non-goitrogenous cabbage, or on 
Larsen’s diet. 

One of the principal effects of goitrogens on entering 
the organism is a lowered production of thyroid 
hormone, bringing about a hypothyroid condition 
in the whole organism, a lowered over-all metabolic 
rate and lowered oxygen utilization by the tissues. 
The inhibiting effect of goitrogens on oxygen uptake 
by tissues in vitro is likewise known‘.. This inhibitory 
influence of goitrogens may be a causative factor 
in the increased level of total sulphydryl compounds, 
that is, of the protein and non-protein sulphydryl 
compounds in the liver of rats fed with a goitrogenous 
variant of cabbage. There probably ensues inhibition 
of the oxidases of SH-glutathione and other sulphy- 
dryl compounds in the liver of rats fed with a 
goitrogenous variant of cabbage. 

Since a marked increase in the total sulphydryl 
compounds occurred after consumption of the 
goitrogenous variant of cabbage only, it may be 
possible to use the estimation of total sulphydryl 
compounds in the liver of experimental animals as a 
test of the goitrogenicity of vegetable foodstuffs, 
provided, of course, that account is taken of the 
specificity of the test. Besides a marked increase in 
sulphydryl compounds in the liver after consumption 
of the goitrogenous variant of cabbage, there is 
probably also an increase in total sulphydryl com- 
pounds in the blood and other organs, too, as found 
by Houssay, Martinez and Caputto® following 
administration of thiouracil, and by Capra‘ after 
methylthiouracil ; therefore a diet of goitrogenous 
cabbage may give protection from the effects of 
ionizing radiation. 
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Synergetic Action of 2(0-Methoxyphen- 
oxymethy!)-5-Oxazolidone on Morphine, 
Dihydrocodeine and Aminopyrine 
Analgesia 


2(0 - Methoxyphenoxymethyl) - 5 - oxazolidone 
(metoxadone), a substance synthesized by us! (cf. 
Argentine Patent No. 118.613, April 21, 1957— 
Oct. 29, 1959), produced prolonged muscle relaxation 
and anticonvulsive effects’... Gray et al.4 found that 
this substance reduced the spontaneous motor 
activity and caffeine hyperactivity of mice and 
specifically blocked their conditioned avoidance 
reaction. According to its behaviour in the avoidance 
conditioning test, metoxadone belongs to the group 
formed by chlorpromazine and its congeners, reser- 
pinoid Rauwolfia alkaloids and morphine’. 

We therefore studied the synergetic effect of 
metoxadone on central analgesic actions of drugs such 
as morphine, dihydrocodeine and aminopyrine, 
because a similar effect is characteristic for chlor- 
promazine and its congeners*,’, but not for reserpinoid 
alkaloids which antagonize morphine analgesia’. 

In our experiments we employed the hot-plate test 
of Woolfe and Macdonald®, modified by Eddy et al.?®,2". 
The plate was heated to a constant temperature of 
59-5° C. and the time until the mice lifted their hind 
legs twice was recorded as ‘permanence’. The results 
are shown in Tables 1, 2 and 3. 


Table 1. PROLONGATION OF THE PERMANENCE OF MICE ON THE HOT 
PLATE 30 MIN. AFTER A SUBCUTANEOUS INJECTION OF METOXADONE 
(MET), DIHYDROCODEINE TARTRATE (DHC) AND THEIR COMBINATION 


Doses of the drugs in mgm./kgm., permanence prolongation in sec. 


MET alone 12-5 no effect 
MET alone 25-0 no effect 


MET alone 50-5 26+1°3 not significant, P = 0-05 
DHC alone, 12-5 26+0°7 significant, P =0-05 
DHC, 12:5 + MET, 12-5 33109 significant, P = 0-05 
DHC, 12°5 + MET, 25-0 §653+09 significant, P=0-01 
DHC alone, 25-0 56+ 0°6 significant, P=0-01 
DHC alone, 50-0 77+0°8 significant, P=0-01 
DHC, 12-5 + MET, 50-0 13:0+1-7 significant, P=0-01 


Table 2. PROLONGATION OF THE PERMANENCE OF MICE ON THE HOT 

PLATE 30 MIN. AFTER SUBCUTANEOUS INJECTIONS OF MORPHINE HYDRO- 

CHLORIDE (MOR) ALONE AND COMBINED WITH METOXADONE (MET) 
Doses in mgm./kgm., permanence prolongation in sec. 

MOR alone, 1°25 1-4+4+0°8 not significant, P = 0-05 

MOR alone, 2°5 27+10 not significant, P = 0-05 

MOR, 1-25 + MET, 5-0 

MOR alone, 5-0 

MOR, 1:25 + MET, 10-0 9 

MOR, 1-25 + MET, 20-0 10- 


=f 

3-4 1:1 not significant, P = 0-05 

40+0°8 significant, P 0-01 
6+0°9 significant, P=001 
7i2d significant, P=0-01 


Table 3. PROLONGATION OF THE PERMANENCE OF MICE ON THE HoT 
PLATE 30 MIN. AFTER SUBCUTANEOUS INJECTIONS OF AMINOPYRINE 
ALONE (AP) AND COMBINED WITH METOXADONE (MET) 

Doses in mgm./kgm., permanence prolongation in sec. 

AP alone, 50-0 no effect 
AP alone, 100-0 no effect 
AP alone, 200-0 39 + 0°83 
AP, 50-0 + MET, 10-0 35+16 


significant, P=0-01 
not significant, P = 0-05 
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Table 1 shows that metoxadone has a marked 
synergetic effect on dihydrocodeine analgesia. 
12-5 mgm./kgm. dihydrocodeine is potentiated by 
25 mgm./kgm. metoxadone (a dose without any 
analgesic effect of its own), for the combination 
was as active as a dose of dihydrocodeine twice 
as high (25 mgm./kgm.). 50 mgm./kgm. metoxadone 
increased the effect of 12-5 mgm./kgm. of dihydro- 
codeine more than four times. 

Table 2 shows that relatively low doses of metoxa- 
done potentiated the effect of 1-25 mgm./kgm. 
morphine hydrochloride more than twice ; the effect 
of 2-5 mgm./kgm. morphine salt alone was still 
somewhat less (2-7 sec.) than that of the combina- 
tion (3-4 sec.). A higher dose of metoxadone 
(10 mgm./kgm.) increased the effect of morphine 
more than four times. (Permanence prolongation of 
the combination: 9-6 sec.; that of a fourfold dose 
of morphine alone 4-0 sec.) 

Table 3 shows that the effect of aminopyrine is 
enhanced nearly four times by metoxadone. 

According to our results, metoxadone markedly 
increases the analgesic actions of dihydrocodeine, 
morphine and aminopyrine. 

E. FiscHER 
J. L. J. Szaso 
M. STAMBURGO 


Research Dept., 
Szabé Hnos., Kessler and Cia. S.R.L., 
Humahuaca 4065, Buenos Aires. 
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HAEMATOLOGY 


Variations in Electrophoretic Position of 
Haptoglobin Mixtures in Agar-gel 
Electrophoresis 


By means of agar-gel electrophoresis, sera can be 
put into different haptoglobin groups. Sera belonging 
to Hp 1-1 give a fast migrating spot stainable with 
benzidine, while sera belonging to Hp 2-2 have a 
slowly migrating component and sera belonging to 
Hp 2-1 give a spot occupying an intermediate electro- 
phoretic position. The spots are easily stained with 
a benzidine reagent if hemoglobin has been added to 
the sera before electrophoretic separation!. 

When sera belonging to Hp 2-1 as determined by 
starch-gel electrophoresis? with a discontinuous 


buffer system* were investigated in agar-gel electro- 
phoresis’, it was found that these sera could be 
divided into further groups depending on variations 
in electrophoretic positions of the spot stainable with 
benzidine. 
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1—1 Unmixed 
1—1/2—2 10:1 
1—1/2—2 5:1 
1—1/2—2 1:1 
1—1/2—2 1:5 
1—1/2—2 1:10 


2—2 unmixed 








Fig. 1. Agar-gel electrophoresis of sera belonging to Hp 1-1 and 

2-2 and mixtures of these sera in different relative amounts. 

To the far left is the albumin spot. The circular holes represent 

the point of application. The photographs represent duplicate 
experiments 

Sera presenting a weak. or even absence of the 
Hp 1-1 band in starch-gel electrophoresis were found, 
in agar-gel electrophoresis, to give @ spot more 
displaced towards the cathode than sera presenting a 
strong Hp 1-1 band but weak other bands character- 
izing the Hp 2-1 type in starch-gel electrophoresis. 

In Fig. 1 duplicate separations of mixtures of a 
serum belonging to Hp 1-1 and Hp 2-2 in different 
relative amounts are shown. By mixing these sera 
in different relative amounts, varying electrophoretic 
positions of the spot stainable with benzidine will be 
obtained as judged by the position of the part of the 
spot which is situated nearest to the anode. 

Thus, if the serum belonging to Hp 1-1 is quantita- 
tively predominant in the mixture, for example, 
in the ratio of 10: 1, a rapidly migrating spot will be 
obtained, which, however, migrates slightly slower 
than the spot of the unmixed Hp 1-1 serum, but more 
rapidly than a mixture of these sera in the proportions 
of 5:1. When the same mixtures were subjected to 
starch-gel electrophoresis, no differences in electro- 
phoretic positions of the haptoglobin bands were 
seen. If serum belonging to Hp 1-1 was mixed with 
the serum belonging to Hp 2-2 in the relative amounts 
of 10 : 1, only a single Hp 1-1 band was seen in starch- 
gel electrophoresis under the experimental conditions 
employed. Therefore it seems as if the agar-gel 
electrophoretic technique is slightly more sensitive 
than the starch-gel electrophoretic technique as 
carried out in this laboratory. 

If the ratio between Hp 1-1 and Hp 2-2 is 1 : 20 or 
greater, the electrophoretic position of the mixture 
is identical with that of an unmixed serum belonging 
to Hp 2-2. 

Thus, within certain limits, the electrophoretic 
position of the haptoglobin spots in mixtures of sera 
belonging to Hp 1-1 and 2-2 will vary, depending on 
relative amounts of these sera in the mixture. This 
is not the case when the same mixtures are subjected 
to starch-gel electrophoresis. 
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Therefore it seems as if the agar-gel electrophoretic 
technique might be a valuable supplement to starch- 
gel electrophoresis, especially as regards sera, where 
suspicion might exist that the phenotype as revealed 
by starch-gel electrophoresis does not correspond to 
the genotype as indicated by, for example, family 


studies‘. My work on some mother-child material 
also seems to indicate that, especially among children, 
haptoglobin grouping might be difficult, as originally 
pointed out by Smithies*. In some instances, repeated 
starch-gel electrophoretic investigations of certain 
sera did not demonstrate any haptoglobin in these 
sera, although in agar-gel electrophoresis hapto- 
globins were demonstrable enabling us to group these 
sere (unpublished work). 

The fact that variations in electrophoretic positions 
of components in agar-gel electrophoresis as well 
as in immunoelectrophoresis® may depend on quan- 
titative relations between electrophoretically differ- 
ent molecule populations, giving rise to a single 
spot with the technique employed, may be of theoreti- 
cal interest when the ‘microheterogeneity’ of different 
components is studied, and of practical importance 
when further electrophoretic differ- 
ences are found in different human 
seTa, 

Thus, it has recently been found 
that another component in the a,- 
globulin region presents electro- 
phoretic differences when different 
sera are investigated in agar-gel 
electrophoresis and developed with 
an indoxyl-acetate reagent. In 
general, sera can be grouped into a 
fast, @ slow and an intermediate 
typé, depending on the electro- =a 
phoretic position of this compo- 
nent®. It was found that sera be- 
longing to the intermediate group 
gave rise to spots with slightly 
varying electrophoretic positions 
characteristic for the serum in- 
vestigated (unpublished work). 

In analogy with the findings here, 
it seems suggestive that this inter- 
mediate group depends on the con- 
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Oxygen Equilibrium of Haemoglobin 
from Thunnus thynnus 


Few data can be found in the literature dealing 
with the functional properties of hemoglobin of 
lower vertebrates'-*. Moreover, these investigations 
were carried out using whole blood or unpurified 
hemolysate as working material, particularly in the 
case of fishes; this procedure may make the inter- 
pretation of the results misleading since the blood 
of these animals rapidly deteriorates after collec- 
tion’. 

In this communication we report results on the 
oxygen equilibrium of crystalline hemoglobin from 
Thunnus thynnus. Crystalline hemoglobin was pre- 
pared from freshly collected blood as previously 
described‘, and was stored under saturated ammon- 
ium sulphate. Since during the preparation and 
storage the hemoglobin is in part transformed 
into the ferric form, in all cases, before the determ- 
ination of the oxygen dissociation curves, the 
pigment was completely reduced by an enzymic 
system’. 


pH8-2 


pHo4 


pH7:5 


pH 6-9 


et rn a rn 4 = 





comitant presence of the fast and 
slow components although in differ- 
ent relative amounts, thereby allow- 
ing a further sub-grouping within 
this group, as has been the case with 
sera belonging to Hp 2-1. 

Further work is in progress to 
investigate the influence of quan- 
titative factors on the electrophoretic position of pro- 
teins in agar-gel and starch-gel electrophoresis. 

JAN HiRscHFELD 
Department of Bacteriology, 
Karolinska Institutet, 
Stockholm 60, 
and 
tate Institute for Blood Group Serology, 
Statens Rattskemiska Laboratorium, 
Stockholm. 
Feb. 10. 
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Oxygen dissociation curves of Thunnus hemoglobin at different values of 
pH at 20° C.; tris(hydroxymethyl)amino-methane buffers, ionic strength 0-1 ; 


hemoglobin concentration: 2-5-3 x 10-*M (as Fe); y = 


(HbO,) 


‘ (Hb) + (HbO,) * 
p, partial pressure of oxygen in mm. mercury 


The oxygen dissociation curves were determined 
by the spectrophotometric method previously de- 
scribed®. 

In all the conditions the pigment was stable, and 
the spectrophotometric data obtained during the 
progress of oxygenation could be ascribed to the 
presence of only hemoglobin and oxyhemoglobin. 

Fig. 1 shows the oxygen dissociation curves of 
Thunnus thynnus hemoglobin at different pH’s. It 
may be seen that on varying the pH both the shape of 
the curve and the oxygen affinity change greatly. 
At alkaline pH’s the curve is sigmoid in shape, but 
the inflexion rapidly decreases with lowering of the 
pH-value. Indeed, the curve of the dissociation 


factor y versus oxygen partial pressure was found to 
be hyperbolic at pH 6-9; below this value of pH, the 
curve, for values of y greater than 0-3, tends to become 
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Fig. 2. Effect of temperature on the oxygen affinities of tuna 
hemoglobin. Same conditions as in Fig. 1 


parallel to the abscissa ; the oxygen affinity decreases 
on lowering the pH. 

The changes in shape of the curve and in oxygen 
affinity are readily reversible over the entire pH 
range examined. 

The effeet of temperature on the oxygen equilibrium 
of tuna hemoglobin has been studied at several 
pH values (Fig. 2). It was found that the tempera- 
ture has very little effect on the oxygen affinity, at all 
the pH values examined. The shape of the oxygen 
dissociation curve did not change appreciably with 
temperatures. 

The overall heat of the reaction : 


hemoglobin + O.gas) > oxyhemoglobin 


was calculated from the data for various pH-values*® 
as — 1-8 keal. mole'; taking into account the heat 
of solution of oxygen, the heat of reaction would be 
nearly zero. 

The results reported in the present communication 
show some important and characteristic differences 
between the oxygen equilibrium of the hemoglobin 
of Thunnus thynnus as compared with that of mam- 
malian hemoglobin. 

The effect of pH is to affect the oxygen affinity 
in the same direction as in mammalian hemoglobin, 
but this is accompanied, in the case of the hemoglobin 
of tuna by a great change in the shape of the oxygen 
dissociation curve. The inflexion of the curve is in 
this case a function of pH. In the case of mammalian 
hemoglobin, differences in the shape at different 
pH’s are observed only at very low or very high 
oxygen saturation’ and do not affect the general 
shape of the curve. 

The effect of temperature is even more unusual ; in 
the case of mammalian hemoglobin the temperature 
has a great effect on the oxygen affinity, corresponding 
to an overall heat of reaction about equal to — 13 
keal. mole! at pH 9-5*. On the other hand, the 
oxygen affinity of tuna hemoglobin is practically 
unaffected by temperature. 

The physiological meaning of these findings should 
be discussed in relation to the particular functional 
needs of the tuna fish ; for example, the insensitivity 
of the oxygen equilibrium of tuna hemoglobin to 
changes in temperature could represent a sort of 
molecular adaptation which would enable the animal 
to live in waters of very different temperatures with- 
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out modification of the functional properties of its 
respiratory pigment. 

From a physico-chemical point of view, the study 
of hzmoglobin of lower vertebrates may represent a 
promising fiela for further knowledge of the kinetics 
and thermodynamics of the oxygen reactions of the 
respiratory proteins. 

A. Rossti-FANELLI 
E. ANTONINI 


Institute of Biological Chemistry, 
University of Rome. 
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498 (1955). 
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478 (1958). 

* Wyman, J., “Advances in Protein Chem.”, 4, 407 (1948). 
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Oxygen Equilibrium of Myoglobin from 
Thunnus thynnus 


MYOGLOBIN from several species of fishes has been 
recently purified and quite extensively studied'', 
but no data on the oxygen equilibrium of these pig- 
ments have yet been reported. 

In connexion with studies on the oxygen equili- 
brium of Thunnus thynnus hemoglobin‘, it seemed 
of interest to examine the functional properties of 
myoglobin from the same animal. 

Myoglobin was crystallized from the deep red 
muscles of the lateral line of an adult specimen of 
Thunnus thynnus. The absence of hemoglobin from 
the preparation was checked by paper electrophoresis 
and spectrophotometry*. As previously reported’, 
even crystalline preparations of tuna myoglobin are 
heterogeneous in electrophoresis for the presence of 
three myoglobin components, Mb I, Mb IT and Mb 
III, which account respectively for about 80, 20 and 
5 per cent of the total pigment. Such components 
have identical light-absorption spectra in the visible 
and Soret zone; they are present also in the water 
extract of muscles. Owing to the small quantity of 
crystalline myoglobin of tuna available no separation 
of the different myoglobin components could be 
attempted, and the experiments have been performed 
with the total crystalline pigments. 

In the case of human myoglobin no difference was 
noted in the oxygen equilibrium of the components 
Mb I and Mb II (ref. 5). 

The reduction of ferrymyoglobin and the determina- 
tion of the oxygen dissociation curves have. been 
performed according to Rossi-Fanelli and Antonini’. 

Fig. 1 shows the oxygen dissociation curves of 
tuna myoglobin in 0-1 M tris buffer at pH 7-45. 
The curves obey the Hill equation : 

K(pO,)" 


Y= 1+K(p0,.)" 


for a value of n = 1 (pO, = partial pressure of 
oxygen in mm. mercury). The oxygen affinity is 
high and very similar to that of mammalian myo- 
globins: at 20° C. the partial pressure of oxygen 
for 50 per cent oxygen saturation (p}) is 0-9 mm. 
mercury ; the value for human myoglobin in the 
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T T T T + T T T 
1 2 3 4 5 6 7 8 
7 O, mm. mercury 
Fig. 1. Oxygen dissociation curves of tuna myoglobin at different 


temperatures : tris(hydroxymethyl)amino-methane buffer, 


ionic strength 0-1; pH 7:5; myoglobin concentration 
(MbO,) 


2x10*M:sy= _ - 
Y= (ib) + (MbO,) 


same conditions is 0-73 mm. mercury®. The effect 
of temperature on the oxygen affinity is also shown in 
Fig. 1; the overall heat of the reaction : 


; 
myoglobin + oxygen — oxymyoglobin 


calculated by the van’t Hoff equation® between 5 
and 30° C. was found to be —13-2 keal. mole-'. The 
Bohr effect has been studied at 20° C. in 0-1 M tris 
buffers and was found, between pH 7-1 and 8:7, 
practically absent : 


(d log K)/(dpH)..° = + 0-02 


The results reported above show that tuna myo- 
globin has functional properties very similar to those 
of mammalian myoglobin: hyperbolic shape of the 
oxygen-dissociation curve, high oxygen affinity and 
absence of Bohr effect. 

These results indicate that the functional and struc- 
tural properties of the myoglobin do not change 
appreciably in animals belonging to different classes, 
and that this pigment has retained through all the 
species the same simple characteristic properties. On 
the contrary the blood hemoglobin shows a greater 
structural complexity accompanied with a large 
functional variability according to the different 
biological needs of the various animal species. 


A. Rosst-FANELLI 
E. ANTONINI 
R. GruFFRE 
Institute of Biological Chemistry, 
University of Rome. 
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RADIOBIOLOGY 


Degradation of y-Methyleneglutamic Acid 
by Plants 


MANY new amino-acids have been isolated from 
higher plants in recent years'. However, little is 
known concerning the function and metabolism of the 
majority of these acids. Frequently they have been 
considered to be rather akin to alkaloids; they are 
often found to be randomly distributed among the 
members of the plant kingdom, and yet they accumu- 
late in large amounts in certain plants, sometimes 
being confined mainly to particular organs. These 
featuros suggest that a number of the acids are 
perhaps secondary products (by-products) of meta- 
bolism that can only slowly re-enter the main path- 
ways of metabolism operative in plants. 

y-Methyleneglutamic acid and its amide, y-methy]- 
eneglutamine, were among the first of the newer acids 
to be isolated?. The initial isolations were made from 
peanut plants ; but now the substances are known to 
occur also in tulips*, peas‘, hops® and bean seedlings®. 
Although y-methyleneglutamic acid and y-methylene- 
glutamine show the restricted distribution typical 
of the newer amino-acids, they are atypical from the 
metabolic point of view. The substances appear to be 
synthesized readily from carbon-14 labelled pyruvate, 
acetate, or glucose by cotyledon tissue of peanut 
seedlings, and the branched-chain carbon skeleton 
may arise by condensation of two pyruvate mole- 
cules’. Active preparations of a deamidase for 
y-methyleneglutamine® and a transaminase utilizing 
y-methyleneglutamic acid® have been obtained in 
extracts of peanut plants, while a decarboxylase 
capable of using y-methyleneglutamic acid was 
present in tulip leaf extracts'®*. However, these 
in vitro reactions could be the result of non-specific 
action of glutaminase, glutamic—aspartic transaminase, 
and glutamic decarboxylase respectively, and they 
may inaccurately portray the true position regarding 
the degradation of y-methyleneglutamic acid and 
y-methyleneglutamine within intact plant tissues. 
The present experiments, which used carbon-14 
labelled y-methyleneglutamic acid, established with 
certainty that degradation of the acid occurs in vivo. 

y-Methyleneglutamic acid was synthesized by a 
procedure which introduced a carbon-14 label into 
the «-carbon atom. «-Iodomethylacrylic acid was 
synthesized from ethyl di(hydroxymethyl)malonate 
by the method of Welch", and this was esterified 
to give ethyl «-iodomethylacrylate. This ester was 
then condensed with ethyl [2-™C] acetamidomalonate, 
following the method of Hellmann and Lingens*, and 
subsequent hydrolysis of the condensation product 
with 6 N hydrochloric acid gave [«-?*C] y-methylene- 
glutamic acid. By paper chromatographic methods, 
the acid was obtained radiochemically pure, when it 
had a specific activity of 1 me./mM. 

A solution of carbon-14 labelled y-methylene- 
glutamic acid was supplied to shoot tips of peas 
(Carter’s Little Marvel variety) and to immature 
peanut leaves through the cut ends of the shoots and 
petioles respectively. The labelled material was 
introduced into leaf disks of tulip by vacuum infiltra- 
tion. In this way, each gram of fresh pea or peanut 
tissue received about 0-8 mgm. carbon-14 labelled 
y-methyleneglutamic acid (5 ue.), while 0-3 mgm. 
carbon-14 labelled y-methyleneglutamiec acid (2 uc.) 
was introduced into each gram of tulip leaf disks. 
The plant tissues were then kept in continuous light 
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Reproductions of radioautographs prepared from extracts 
of plants metabolizing [a-""C} y-methyleneglutamic acid. (a) Pea- 
nut leaves after 24 hr., and (+) after 48 hr. (c) Tulip leaves after 
24 hr., and (d) after 48 hr. (¢) Pea shoots after 24 hr., and (f)after 
48 hr. The chromatograms were developed in phenol-ammonia 
(horizontal direction) and then n-butanol-acetic acid—water 
vertical direction). The origin is marked +. Key to spots: 
i, y-methyleneglutamic acid; B, y-methyleneglutamine; C, 
-amino-a-methylenebutyric acid; D, glutamic acid; EF, gluta- 
mine; F, asparagine; G, H, glucose; J, fructose ; 
(1, unknown radioactive substances probably including triose 
ind hexose phosphates; U2-U13, other radioactive compounds 
of unknown identity 


Fig. 1. 


sucrose ; 


(900 ft.-candles) under humid conditions at 20°. 
After suitable time intervals, samples were killed 
by dropping into boiling 75 per cent (v/v) ethanol. 
After complete extraction of the aqueous-ethanol- 
soluble compounds, portions of the concentrated 
extracts equivalent to 50 mgm. of initial plant tissue 
were applied to two-dimensional paper chromato- 
grams run in 75 per cent (w/w) phenol, followed by 
n-butanol-acetic acid—water (4: 1:5). Radioauto- 
graphs were prepared from each chromatogram and 
representative examples are reproduced in Fig. 1. 

The radioautographs show that an extensive 
degradation of y-methyleneglutamic acid occurred 
in all three species. Complete loss of the carbon-14 
label from y-methyleneglutamic acid could not be 
expected because the synthetic material was a 
DL-racemate. 

Some products of y-methyleneglutamic acid meta- 
bolism were common to pea, peanut, and tulip 
tissues; these included the labelled materials 
(designated U1) running near the origin on the paper 
chromatograms. This is the general area in which 
triose and hexose phosphates are encountered. The 
formation of glucose, fructose and sucrose was more 
marked in tulip leaves than in pea tissues: when 
peanut leaves were used, no activity could be detected 
in the simple sugars. 

y-Methyleneglutamine was labelled in all species 
at 24 and 48 hr. When the activity of the amide is 


expressed as a percentage of the activity present in 
the aqueous-ethanol-soluble fraction, this percentage 
is far higher for tulip leaves than for pea or peanut 
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tissues. This observation is in agreement with 
previous findings. Pea shoots contain very smal! 
amounts of y-methyleneglutamine, and therefore the 
rate of its synthesis may be expected to be low. The 
contrasting position found in tulip and pea leaves 
can be explained by the relative deamidase activities 
previously observed in extracts of these tissues ; 
peanut leaves gave a very active enzyme preparation 
whereas negligible activity was associated with 
tulip leaf extracts*. A further relationship exists 
between the observations made in the enzymic and 
radioisotopic experiments. Labelling of y-amino-z- 
methylenebutyric acid (the decarboxylation product 
of y-methyleneglutamic acid) was observed only in 
tulip leaves. These leaves contain a powerful 
decarboxylase, but no y-methyleneglutamic acid 
decarboxylation activity was detected in pea or 
peanut leaves’. 

The introduction of the carbon-14 label into 
glutamic acid, glutamine, and asparagine, in addition 
to sugars and sugar phosphates, suggests that at 
least a portion of the carbon skeleton of y-methylene- 
glutamie acid, including the a-carbon atom, quickly 
enters intermediate metabolites associated with the 
reactions of the tricarboxylic acid cycle. However, 
the present preliminary results do not allow any 
detailed metabolic pathway for y-methyleneglutamic 
acid degradation to be formulated. 


L. FowpEN 


Department of Botany, 
University College, 
Gower Street, 
London, W.C.1. 


1 Virtanen, A. I., “Festschrift Arthur Stoll’, 565 (Sandoz, Basle 
1957). Fowden, L., Biol. Rev., 38, 393 (1958); Ann. Rep. Chem 
Soc. (in the press). 

* Done, J., and Fowden, L., Biochem. J., 51, 451 (1952). 

* Zacharius, R. M., Pollard, J. K., and Steward, F. C., J. 
Chem. Soc., 76, 1961 (1954). 

‘Hyde, T. G., Biochem. J., 55, xxi (1953). 

* Harris, G., and Tatchell, A. R., J. Inst. Brewing, 59, 371 (1953). 

* Engelbrecht, L., Flora, 142, 25 (1954). 

7 Fowden, L., and Webb, J. A., Ann. Bot., N.S., 22, 73 (1958). 

* Fowden, L., J. Exp. Bot., 6, 362 (1955). 

* Fowden, L., and Done, J., Nature, 171, 1068 (1953). 

1° Fowden, L., J. Exp. Bot., 5, 28 (1954). 

1 Welch, K. N., J. Chem. Soc., 257 (1930). 

1? Hellmann, H., and Lingens, F., Chem. Ber., 89, 77 (1956). 


Amer. 


Clearance Rates of Sodium-24, Potassium-42 
and lodine-I3! in Normal Dog Hip Joints 


A METHOD of assessing the vascuiarity of the 
femoral head using sodium-24 or iodine-131 clearance- 
rates has been previously described by Laing and 
Ferguson!. In a further study of osteoarthritis of the 
hip joint in the dog being conducted in this Labora- 
tory it has become necessary not only to know the 
state of vascularity of the bone but also that of the 
joint itself, or more strictly, that of the synovial 
membrane. 

The absorption of sodium-24 from the knee joint 
in humans has been studied by Jacox, Johnson and 
Koontz?, and Harris and Millard*. Scholer, Lee and 
Polley* studied the clearance of sodium-22 and 
tritium from human knees. These workers estimated 
the arterial blood-levels of sodium-22 and tritium 
by a rather complicated method and deduced the 
clearance-rate for the joint. They found 70 per cent of 
the sodium-22 remained in the joint 20 min. after in- 
jection. The other two research groups and ourselves 
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used an external counting method similar to that of 
Kety®. 
The present work was initiated in an attempt to 


discover the rates of clearance of substances of 


various molecular sizes from normal and abnormal 
joints, starting with simple salts and working up to 
layer organic molecules afterwards. 

Sodium-24 and potassium-42 in the form of the 
labelled chlorides were obtained from Oak Ridge 
National Laboratory. The iodine-131 as sodium iodide 
was obtained from Squibb and Sons. All three are 
y photon emitters. Sodium-24 with a half-life of 
15-06 hr. emits y photons of 1-368 MeV. and 2-753 
MeV. and a § particle of 1:39 MeV. Potassium-42 
with a half-life of 12-5 hr. emits y photons of 1-5 
MeV. and 0-32 MeV. and negative 8 particles of 3-5 
and 2-0 MeV. Iodine-131 has a half-life of 8-05 days 
and emits negative 6 particles of 0-61, 0-25, 0-81 
MeV. and y photons with several peaks, the most 
important being at 0-36 MeV. 

The fate of these isotopes following their injection 
into a joint can thus be easily followed by a surface- 
counting technique since they all emit suitable y 
photons. For this purpose a columnar scintillation 
detector, with a half-inch thallium activated sodium 
iodide crystal, held in an adjustable detector arm 
(Tracerlab Model SC 52 No. 29) was used with a 
precision rate-meter (Atomic Accessories, Inc. 
PCR 105) and the results were recorded with a 
Texas instrument rectilinear recorder. 

Fifty-seven adult dogs, including mongrels and pure 
bred of both sexes, were used in this study. Following 
injection of the radioisotope into a hip joint, a scintil- 
lation counter was then swung over the area and 
continuous recordings were made for 20 min. About 
10-20 ue. of sodium-24 and potassium-42 and about 
30 uc. of iodine-131 were injected to get suitable 
surface counts. Only one isotope was injected at 
any one time. Sodium-24 was injected into 29, 
potassium-24 into 24, and iodine-131 into 38 hip 
joints. 

The results are presented in Fig. 1. The clearance 
rates for sodium-24 were 34:76 + 6-33 per cent in 
10 min., 57-06 + 7-84 per cent in 20 min., for potas- 
situm-42, 46-95 + 7-88 in 10 min. and 62-85 + 8-59 
per cent in 20 min., and for iodine-131, 56 + 10-84 
per cent in 10 min. and 75-15 + 8-72 per cent in 20 
min. Statistical analysis revealed no significant 
difference between the variances of the groups as 
calculated by the F-test, which is a measure of the 
dispersion of the values around the means. The 
means of the groups, however, differed significantly 
when examined by Fisher’s 7'-test. At 10 min., the 
clearance of iodine-131 is significantly faster than 
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Fig. 1. Residual percentages of sodium-24, potassium-42 and 
iodine-131 remaining in normal dog hip joints after 10 and 20 min. 
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that of potassium-42 (P = 0-0008), which in turn is 
significantly faster than that of sodium-24 (P = 
0-0001). At 20 min., the clearance of iodine-131 is 
significantly faster than that of potassium-42 
(P = 0-0001), which is significantly faster than that 
of sodium-24 (P = 0-013). 

It is hoped that this work will form a basis for the 
study of clearance-rates in osteoarthritic and chemic- 
ally and bacteriologically inflamed joints. Whether 
or not clearance is entirely by way of the synovial 
membrane or whether electrolytes also pass through 
the articular cartilage into the bone is not known. 
This question is to be examined by autoradiographic 
techniques. In addition, the fate of the §-emitting 
isotopes phosphorus-32, chlorine-36 and sulphur-35 
injected into the hip joints of dogs is to be studied 
using needle Geiger—Miiller probes. 

Patrick G. LAING 
Ik Done Km 
Orthopedic Research Laboratory, 
University of Pittsburgh, 
Pittsburgh 13. 
' Laing, P. G., and Ferguson, jun., A. B., Nature, 182, 1442 (1958) ; 
183, 1595 (1959). 
2 Jacox, R. F., Johnson, M. K., and Koontz, R., Proc. Soc. Exp. Biol. 

and Med., 80, 655 (1952). 

* Harris, R., and Millard, J. B., Clin. Sci., 15, 9 (1956). 

* Scholer, J. F., Lee, P. R., and Polley, H. F., Arthritis and Rheu- 
matism, 2, 426 (1959). 

* Kety, S. S., Amer. Heart J., 38, 321 (1949). 
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Position of the Proximal Centriole in 
Flagellate Spermatozoa 


Gatenby and Mathur! have recently published a 
preliminary report on their investigations an tho 
spermatogenesis of Petrobius maritimus (Thysanura ; 
Machiloidea) ; but unfortunately they have made a 
number of sweeping generalizations which we cannot 
accept. 

It is surprising that Gatenby and Mathur', while 
criticizing the work of Bowen? and Nath and Bhatia‘ 
on Lepisma sperm, have disowned the previous work 
of Gatenby and Mukerji‘, and Mukerji’, who clearly 
supported Bowen? with regard to the anterior position 
of the centriole immediately behind a small structure 
considered by them as the acrosome. Indeed, these 
authors have gone to the extent of stating: ‘Thus 
we consider that in Fig. 7, after Bowen and Nath, 
the anterior bead (C) is not the centriole, but is the 
acrosome (whole or part). ..”. They further state 
that the centriole remains in the neck region. 

Gatenby and Mathur! quote, in support of their 
view, results obtained by electron microscopists with 
the sperms of mammals, molluscs, insects, oligo- 
chaetes and sea-urchins ; but not one of these workers 
has worked on the sperm of Lepisma, Cicindela, 
Lepas, Balanus, schizopods, and Bombinator, quoted 
by Nath®* as examples of sperms in which the centriole 
is situated at the anterior end of the sperm nucleus. 

We have nothing to say about the findings of 
Gatenby and Mathur! on the spermiogenesis of 
Petrobius maritimus except (1) that this thysanuran 
belongs to the superfamily Machiloidea, whereas 
Lepisma belongs to the second superfamily of the 
order Thysanura, namely, Lepismatoidea ; and (2) 
that the cytological phenomena in spermatogenesis 
of different families of the same group of animals are 
known to vary considerably, as in scorpions. 
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Figs. 1-3 


When reviewing the previous work of Wilson and 
Nath on scorpion spermatogenesis, Nath emphasized’ 
important differences in the behaviour of the mito- 
chondria in the sperms of Centrurus and Buthus (fam. 
Buthidae) on one hand, and Vejovis (fam. Vejovidae) 
and Palamnaeus (fam. Scorpionidae) on the other. 

We have recently carried out extensive phase-con- 
trast and histochemical studies of the male germ 
cells of Lepisma saccharina and Ctenolepisma urbana 
(both belonging to the superfamily Lepismatoidea ; 
subfamily Lepismatinae) ; and we fully confirm the 
previous findings of Bowen’, and Nath and Bhatia* 
with regard to the position of the centriole at the 
anterior end of the nucleus and that of the acrosome 
in the neck region. 

Fig. 1 shows two early spermatids of Lepisma 
saccharina. The nucleus (N) is still spherical; the 
acrosome (A) has been formed at the posterior end of 
the nucleus ; and the centriole (C) is at the anterior 
end, giving rise to the axial filament surrounded by 
the two clearly defined halves of the elongating 
mitochondrial Nebenkern (MN). In Fig. 2 the nucleus 
(N) has become beak-shaped ; the centriole (C) is 
just behind the anterior beak of the nucleus, giving 
off the very much attenuated tail passing by the side 
of the nucleus (N) and the acrosome (A). In Fig. 3 
the centriole (C) has become rod-like and has moved 
far forward, dragging behind it the axial filament 
(AF) surrounded by the very much attenuated 
mitochondrial Nebenkern (MN); the nucleus (N) is 
bent on itself; and the acrosome (A) in the neck 
region has become funnel-shaped. 

We wish to emphasize that : (1) the rod-like struc- 
ture at the anterior end of the maturing sperm is the 
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centriole, since it gives off posteriorly the axial 
filament and the mitochondrial Nebenkern, and also 
it is completely negative to periodic acid—Schiff 
reagent ; and (2) the funnel-shaped structure in the 
neck region of the sperm is the acrosome, since it 
arises from the acroblasts and is positive to the 
periodic acid—Schiff reagent*. 

Finally, we confirm* that the mitochondrial 
Nebenkern is of the typical insect type, forming the 
tail sheath of the sperm. 
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VisHwa NATH 
Bri L. Gupta 
L. C. Mrrrau 


Department of Zoology, 
Panjab University, 
Hoshiarpur, India. 


’ Gatenby, J. B., and Mathur, R. 8., Nature, 185, 861 (1960). 

* Bowen, R. H., J. Morph., 39, 351 (1924). 

* Nath, V., and Bhatia, C. L., Res. Bull. Panjab Univ. 
27, 33 (1953). 

* Gatenby, J. B., and Mukerji, R. N., Quart. J. Mier. Sci., 

* Mukerji, R. N., J. Roy. Mier. Soc., 49, 1 (1929). 

* Nath, V., Int. Rev. Cytology, 5, 395 (1956). 

7 Nath, V., Res. Bull. Panjab Univ. (Old Series), 97, 69 (1957). 

* Schrader, R., and Leuchtenberger, C., Chromosoma, 4, 404 (1951). 
Moriber, L. G., J. Morph., 99, 271 (1956). Clayton, B. P., Deutsch, 
K., and Jordan-Luke, B. M., Quart. J. Micr. Sci., 99, 15 (1958). 
Gupta, B. L., and others (unpublished work). 
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WE do not see anything in the Lepisma light 
microscope photomicrographs of Dr. Nath and his 
collaborators which either lead us to consider that his 
(C) in Fig. 2 is a centriole and not an acrosome, and 
his (A) is not a centriole plus the large insect centriole 
adjunct, or which persuades us that these two thy- 
sanurans could possess spermatozoa fundamentally 
different. 

As to possible fundamental cellular variations in 
closely allied animals, the grouping of mitochondria 
in various scorpion spermiogeneses refers to growth 
and maturation divisions chiefly, but in all these 
animals where the spermiogenesis is known, the 
acrosome is anterior, and the centriole posterior, in 
the nucleus. Dr. Nath e¢ al. state that it is surprising 
that we disowned some of the previous work of 
Mukerji and Gatenby. The point here is the question 
of the nature of the longitudinal line (their AF’) on 
the nucleus. At one time it was thought (by J. B. G.) 
to be a part of the flagellum, but recently in Lum- 
bricus, Gatenby and Dalton' found a similar line by 
electron microscopy which is not flagellar, and this 
has thrown doubt on the previous identification in 
Lepisma. This doubt has been strengthened by the 
discovery that the anterior centriole (C) in several 
Orthoptera and in Dytiscus lies within the cushion- 
shaped centriole adjunct (CA) as in the micrograph 
reproduced here (Fig. 1). Dr. Nath comments that 
it is surprising that electron microscopists have not 
studied Lepisma, Lepas, schizopods, and Bombinator. 
Not really, because the conventional light-microscope 
5-p section using Fleming with acetic-Heidenhain is 
easy, quick, and cheap to make: our sole chance 
recently to get micrographs of Petrobius resulted in a 
failure. In any event, referring to Bombinator, M. 
Burgos and Don Faweett*? studied another toad (3. 
arenarum) and found the two centrisles post-nuclear, 
and only the acrosome at the sperm tip. 

Now as regards the clear microphotographs shown 
by Dr. Nath et al., we all agree that their lettering in 
Fig. 1 is correct. But by Fig. 2, the acrosome has 
thinned out and become pointed, the adnuclear 
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Fig. 1. Micrograph at » 24,000 of part of spermatid of Pachy- 

rhamma fiasifer, showing nucleus (NV), centriole (C) embedded in 

centriole adjunct (CA), flagellum (7), heads of mitochondrial 

Nebenkern (M). (Photograph by W. S. Bertaud, Dominion 

Physical Laboratory, New Zealand. By kind permission of the 
Director) 


thread has developed, and the centriole adjunct (A) 


‘has grown quickly, as has been shown to be the case 


in Nemobius by Gatenby and Tahmisian*. The long 
body (C) in their Fig. 3 is the acrosome, the dark edge 
(AF) the adnuclear thread, and below it some sort of 
modification of the body (A) in their Fig. 2. The 
orientation of the cells is correct, the acrosome being 
anterior in all figures, except the lower spermatid in 
Fig. 1. 

As regards the periodic acid—Schiff, formalin-fixed 
material of Petrobius, we have not succeeded in such 
small cells in getting useful preparations and are 
unable at present to comment on evidence arising 
from this method. 

J. Bronte GATENBY 
R. 8. MatHur 
Cytological Laboratory, 
Trinity College, Dublin. 
May 10. 
' J. Biophys. Biochem, Cytol., 10, 49 (1959), 
* J. Biophys Biochem. Cytol., 2, 223 (1950). 
> La Cellule, 60, 2 (1959). 


A Spirochaeta Phage 


\ MICRO-ORGANISM identified provisionally as 
Spirochaeta rosea nom. prov. has been isolated from a 
marine upper littoral rock-pool at Woods Hole, Mass. 
The filaments are spiral, 5—200u long, 0-7u wide, with 
a regular pitch of pbout 7z and an amplitude of 2u 
(Figs. 1 and 2). Tiansverse cell walls, approximately 
2-5u apart, are revealed by phase-contrast or electron 
microscopy (Fig. 3). In size and form the organism 
resembles S. plicatilis Ehrbg. (= Ehrenbergia plicatilis 
(Ehrbg.) Gieszezykiewicz)'-*, but in mass the cells 
are seen to be pinkish or brick red. Growth is 
markedly aerophilic, with an optimum temperature of 
35° C. In sea water supplemented with yeast 
extract (0-5 per cent) and tryptone (0-5 per cent), 
the doubling time is 100-120 min. At concentrations 
less than one-half sea water, growth is suppressed. 

The mode of movement of the filaments, a slow 
creeping over solid substrata, accompanied by bend- 
ing, undulation and rotation, recalls that of filamen- 
tous Cyanophyceae (cf. Spirulina, in which non- 
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Figs. 1 and 2. Spirochaeta rosea (phase contrast: S. W. Watson). 

Fig. 3. Spirochaeta rosea (electron micrograph: D. E. Philpott). 

Fig. 4. Particles of phage (electron micrograph: D. E. Philpott). 
(Scales in ,) 


chlorophyllous species have been described). These 
features, and the relatively large size of the organism, 
distinguish Spirochaeta from parasitic spirochaetes 
of the Microspirochaetaceae*. The pigments, which 
can be readily extracted with organic solvents and 
separated on paper chromatograms, comprise a small 
amount of carotene and one or more xanthophylls. 
The predominant pigment exhibits absorption maxima 
at 448, 474 and 506 my in 95 per cent ethanol, and 
454, 483 and 515 my in chloroform. These peaks agree 
closely with those of myxoxanthophyll*®, providing 
additional evidence for cyanophycean affinities. 

An enrichment mixture of S. rosea with marine 
mud from the Eel Pond, Woods Hole, was left at room 
temperature for a few days. A portion of the super- 
natant sea water was then shaken with chloroform to 
kill bacteria, and sampled in a dilution series in 
poured plates containing nutrient medium, 0-7 per 
cent agar, and a liberal inoculum of S. rosea. Clear 
plaques, 4 mm. in diameter, appeared within 24 hr., 
and indicated a concentration of about 500 phage 
particles per millilitre of original suspension. From 
these, pure phage strains were isolated by routine 
subculture procedures. Titres of 10/°—-10"/ml. were 
readily obtained. Virulence was not reduced by 
incubation in distilled water at 23° C. for 24 hr. 

The phage particles from an infected culture were 
concentrated by centrifugation at 2,800g for 45 
min., washed, dried in air, shadowed with chromium, 
and examined by electron microscopy. They 
appeared similar to those of the 7'-2 series of coli- 
phages, with a polyhedral ‘head’ 90 my in diameter, a 
‘neck’ 15 my long, and a ‘tail’ 140 my long and 25 my. 
wide (Fig. 4). 

Though the taxonomic position of Spirochaeta 
remains uncertain, it may be regarded as a non- 
photosynthetic member of the blue-green algae. 
The only previous record of a virus infecting an alga 
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is a preliminary report of an agent causing lysis in 
Chlorella cultures’. The immediate interest of phyco- 
phages arises from the possibility that they may 
resemble the viruses of angiosperms in containing 
ribonucleic acid. Though the Spirochaeta phage 
described here superficially resembles the bacterio- 
phages containing deoxyribonucleic acid, its nucleo- 
tides will be investigated. 

This work was supported by a research grant 
F..1445, from the U.S. National Institutes of Health 

Rautpxo A. LEWIN 
Marine Biological Laboratory, 
Woods Hole, Mass. 

 Dyar, M. T., J. Bact., 54, 483 (1947). 
* Ehrenberg, C. G., “Die Infusionstierchen”, 83 (1838). 
* Gieszezykiewicz, M., Bull. Int. Acad, Pol. Sci. (Cl. Sci. Math. Nat.), 

Ser. B, 1, 9 (1939). 
*Zuelzer, M., Arch. Protistenk., 24, 1 (1912). 
5 Heilbron, I. M., and Lythgoe, B., J. Chem. Soc., 1376 (1936). 
* Zavavzina, I. B., and Protsenko, A, E., Doklady Akad. Nauk S.S.S.R.. 

122, 936 (1958). 


Ethylene Production by Tomato and Apple 
Fruits 


Tue development of the flame ionization detector 
for gas chromatography has made it possible to 
investigate in detail the production of ethylene by 
tissue slices and mitochondria from fruits. We have 
constructed a gas chromatograph for this purpose 
following the design of Meigh'; but by modifying 
certain details the sensitivity has been increased some 
tenfold, making it possible to detect 0-03 ul. of 
ethylene per litre of air in a l-ml. gas sample. The 
improved sensitivity can be attributed largely to the 
amplifier and to the use of a stationary phase having 
very low volatility. 

The detecting system consisted of a single flame 
ionization detector constructed (Fig. 1) in the simplest 
possible manner. Air to support combustion was 
filtered and supplied at a rate of 30 l./hr. from a 
cylinder fitted with the usual type of pressure-reducing 
valve. The detector output was amplified by a 
vibrating reed electrometer (Applied Physics Corp., 
model 31), using the 10° ohm input resistance. The 
output was recorded on a galvanometer recorder. 
The eluent gas was a 1: 1 mixture (v/v) of nitrogen 
and hydrogen taken from a cylinder fitted with the 
usual type of pressure-reducing valve, which was 
used to control the column input pressure at 36-3 em. 
mercury above atmospheric. The column, which 
was kept at about 22° by immersing it in an un- 
heated water bath, was 5-mm. bore, length 5-5 m., 
packed with Johns Manville C22 firebrick 60-80 
mesh-range, impregnated with silicone oil 550 in the 
ratio 100 : 30 by weight. The column, after packing, 
was heated to 100° and flushed continuously with 
nitrogen for several days. This reduced to a mini- 
mum the background caused by volatile impurities 
evolved by the stationary phase. 

This system was used to determine the evolution 
of ethylene by whole fruit, fruit segments, tissue 
slices, homogenates, mitochondria, microsomes and 
supernatant fractions from apple and tomato fruit. 
Results from these studies indicated that the evolu- 
tion of ethylene by tomatoes is greatly stimulated by 
cutting the fruit into segments and tissue slices. 
On the other hand, ethylene evolution by apples 
was not greatly changed by this treatment (Table 1). 

Maceration of the tissues caused a very consider- 
able decline in ethylene evolution in both the apple 


June 11, 1960 


VoL. 186 








Cus. 























Fig. 1. Diagram of flame ionization detector. A, Hypodermic 
needle No. 22; B, collector electrode, 3 mm. loop of No. 23 
nichrome wire; C and D, ‘Teflon’ insulators; £, electrometer 
input; F, electrometer shield; G, column connexion; H, air 
inlet; J, polarizing voltage, 90 V. positive 
and tomato fruit. The mitochondria and microsomes 
isolated from these homogenates evolved a negligible 
amount of ethylene. 

Although Spencer? identified ethylene in emana- 
tions from mitochondrial preparations from tomato 
fruit, and Burg and Thimann® implicated cytoplasmic 
particles as the source of ethylene production in 
apples, we could not detect significant amounts of 
ethylene in mitochondrial or microsomal systems 
derived from apples or tomatoes. It is especially 
significant that the apple mitochondria in these 
studies were able to oxidize Krebs cycle intermediates 
and could carry out oxidative phosphorylation‘. 

It must be concluded from these results that the 
biosynthesis of ethylene is not directly associated 
with Krebs cycle organic acid metabolism. Burg* 
reached a similar conclusion from studies in which 
Table 1. ETHYLENE PRODUCTION BY WHOLE FRUIT, SEGMENTS, 


SLICES, HOMOGENATES AND SUBCELLULAR PARTICLES OF APPLES AND 
TOMATOES 


ul, ethylene/hr./kgm. at 30° C, 





| Fruit | Whole) Seg- | Tissue | Homo-| Mito- | Micro- | Super- 


| ments; slices | genate chondria} somes | natant 














Apples | 29-6 | 35-4 | 203 6-8 
Tomato | | | 
(ripe) | 4-4 | 58-6 | 102-0 2-2 


<0-003 | <0-003 | <0-03 | 
<0-003 | <0-003 | <0-03 





Measurements were made after the ethylene had accumulated for 
2-4 hr. from the apple tissue and 4—6 hr. from the tomato tissue. 

The whole fruit was cut into 16 equal segments. Only pericarp 
wall tissue was used from tomato segments. 

Apple slices were disks 1 cm. in diameter and 2 mm. thick. Tomato 
slices were 4-mm. cubes of the pericarp wall. Both were floated in 
0-4 M sucrose. 

Homogenates were prepared at 2—4° C. by blending in a Waring 
blendor for 2 min. at reduced speed in 0-2 M tris buffer, 0-25 M 
sucrose, 0-01 M ethylenediamine tetraacetic acid and 0-01 M ascor- 
bate. The pH of the homogenates was 8-4. 

The mitochondria were incubated in a medium containing 3 m.moles 
adenosine triphosphate, 10 m.moles glucose, 60 m.moles phosphate, 
20 m.moles magnesium, 30 m.moles malate, 10 m.moles sucrose, 
2 mgm. yeast concentrate and 2 mgm. bovine serum albumin. 

The microsomes were isolated at 100,000g in the No. 30 rotor of 
the ‘Spinco’ preparative ultracentrifuge and incubated in the same 
reaction mixture as the mitochondria. 
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apples were treated with sucrose and acetate labelled 
with ecarbon-14. 
D. F. MeIcH 
Agricultural Research Council, 
Ditton Laboratory, 
Larkfield, Maidstone, Kent. 
K. H. Norris 
C. C. CRAFT 
M. LIEBERMAN 
Market Quality Research Division, 
\gricultural Marketing Service, 
U.S. Department of Agriculture, 
Beltsville, Maryland. 


Meigh, D. F., J. Sei. Food Agric. (in the press). 

Spencer, M. S., Nature, 184, 1231 (1959). 

Burg, S. P.. and Thimann, K. V., Plant Physiol., 35, 24 (1960). 
ieberman, M., Proce. Ninth Int. Bot. Congr., Abstracts, 2, 227 
(1959). 

Burg, 8S. P., Arch. Biochem. Biophys., 84, 543 (1959). 


Is Nectria haematococca Berk. and Br. 
the Perfect Stage of Fusarium oxysporum 
Schl. forma pisi (Lindf.) S. and H.? 


IN a recent communication!, Dr. E. W. Buxton 
reported the discovery of mature perithecia in a 
nutritionally deficient mutant isolate of Fusarium 
oxysporum Schl. forma pisi (Lindf.) 8. and H. after 
ultra-violet irradiation. These perithecia were shown 
to be the perfect stage of this particular isolate and 
were identified as Nectria haematococca Berk. and Br. 
(= Hypomyces solani Rke. and Berth. emend.S.and H.). 

As Nectria haematococca®,* has long been known to 
be the perfect stage of another species of Fusarium, 
namely, F. solani (Mart.) App. and Wr. emend. S. 
und H., classified in the section Martiella, I was 
surprised to learn that this same Nectria sp. had been 
found to be the perfect stage of F. oxysporum f. pisi, 
classified in the section Elegans. Furthermore, this 
phenomenon was quite unexpected as it has always 
been assumed by Fusarium taxonomists that, should 
a perfect stage be formed by a representative of the 
section Elegans, it would be a Gibberella sp. This 
assumption is based on the fact that the perfect stage 
characteristic of each of the sections, Lateritium and 
Liseola, which are most closely related to the section 
Elegans, is a Gibberella. 

As isolates of Fusarium species that form their 
perfect stage in culture have been of particular interest 
to me for several years, duplicate subcultures of the 
homothallic isolate of F. oxysporum f. pisi, in which 
mature perithecia of Nectria haematococca were found 
by Dr. Buxton, were obtained for the purpose of 
observation and study from the Commonwealth 
Mycological Institute, Kew, England, through the 
courtesy of Dr. C. Booth. When they were received 
by me they appeared to be identical and in each of 
them the red perithecia characteristic of Nectria 
haematococca could be distinguished readily. 

[ followed my usual procedure in examining and 
identifying isolates of Fusarium‘. Several transfers, 
using the mass culture method, were made from one 
of the sub-cultures to slants of potato sucrose agar. 
Numerous monosporous cultures were established by 
transferring single macroconidia of the Fusarium 
stage present in one of the sub-cultures as received, 
end others by transferring single ascospores taken 
irom the mature perithecia of Nectria haematococca 
present in the sub-culture. After these various 
cultures had been kept at room temperature in the 
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laboratory for about ten days, they were examined 
macroscopically and microscopically and all were 
identified as F. solani, not as F’. oxysporum. 

Hildreth’ reported recently that he sometimes found 
it difficult to distinguish between certain isolates of 
F’. oxysporum f. pisi race 2 and F. solani f. pisi. Close 
similarities in the virulence and development of 
symptoms exhibited by these two species of Fusarium 
were evident to him. For example, F. solani f. pisi 
invaded the upper stem of the pea plant with vascular 
penetration resembling that accomplished by F. 
oxysporum f. pisi race 2. Similarly, F. oxysporum f. 
pist produced a root rot accompanied by severe 
cortical decay in certain varieties of peas identical 
with that effected by F. solani f. pisi. 

It is my opinion that the culture in which perithecia 
of Nectria haematococca were found by Dr. Buxton, is 
an, isolate of F. solani f. pisi (Jones) 8S. and H. that is 
apparently capable of vascular penetration similar to 
that produced by F’. oxysporum f. pisi. As the perfect 
stage of F. solani f. pisi has not been known pre- 
viously, its occurrence has been reported for the first 
time by Dr. Buxton. 

W. L. Gorpon 
Plant Pathology Laboratory, 
Canada Department of Agriculture 
Research Station, Winnipeg. 
* Buxton, E. W., Nature, 184, 1258 (1959). 
* Snyder, W. C., and Hansen, H. N., Amer. J. Bot., 28, 741 (1941). 
> Wollenweber, H. W., and Reinking, O. A., “Die Fusarien’’ (Paul 

Parey, Berlin, 1935). 

‘Gordon, W. L., Can. J. Bot., 30, 209 (1952); 32, 576, 622 (1954): 

34, 833, 847 (1956); 37, 357 (1959). 
® Hildreth, R. C., Diss. Abstr., 18, 4, 1196 (1958) (Abstr. in R.A.M., 

38, 345 (1959) ). 


CYTOLOGY 


Nuclear Phenomena in Trametes 
cingulata Berk. 


IntT1ATION of dikaryophase has been studied in 
considerable detail by a number of workers! on 
various species of hymenomycete. I have studied the 
nuclear phenomena in the life-history of Trametes 
cingulata Berk. 

For the study of the nuclear conditions in the 
basidia, small rectangular pieces (5 mm. 5 mm.) 
of fresh fruit bodies of 7’. cingulata with well-developed 
pore-tubes were fixed while growing on the living 
host in Nature. Different killing and fixing reagents 
were tried. Of these, the Bouin—Allen fixative gave 
the most suitable preparations. The materials were 
fixed in two lots and during different intervals of 
time, one between 12.30 and 2.30 p.m. and the other 
between 12 and 1 a.m. Washing, dehydration and 
embedding were done by following the standard 
schedule. Sections of 8—10u in thickness were cut and 
were found to be suitable for observations. Of the 
stains, Heidenhain’s iron—hematoxylin gave the 
most satisfactory result. Nuclear conditions in 
spores, germinating spores and in the primary and 
secondary mycelia were studied from whole prepara- 
tions on slides, following Kniep’s? agar-film technique. 

A mature basidium is always found to be tetra- 
sterigmatic, quadrisporous and broadly clavate in 
shape. The young basidia, on the other hand, show 
all stages of transition from slightly inflated terminal 
hyphal cells to broadly clavate mature ones. At the 
beginning, they are always binucleate and the two 
small unpaired nuclei are found lying one above 
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another and at a little distance apart (Fig. 1a). 
Each nucleus is of the homogeneous unexpanded type, 
as defined by Pinto-Lopes*, and in each its chromatin 
and nucleolus are contracted into an _ intensely 
stained homogeneous body. However, this con- 
jugate pair of nuclei within the young basidium soon 
fuse and a synkaryon is formed which moves to the 
upper part of the basidium. The structure of the 
large and prominent fusion nucleus at the resting 
stage consisted of a deeply stained nucleolus and 
several deeply stained heterochromatin bodies on a 
feebly stained chromatin reticulum. 

Karyogamy was soon followed by two successive 
divisions together constituting a meiotic phase at 
the end of which four daughter nuclei are formed. 
Six chromosomes can be seen to pass to each pole 
of the spindle in the anaphase stage of the first 
division, so that the haploid number of chromosomes 
in 7’. cingulata is six (n = 6). This is further corro- 
borated by the presence of the same number of 
chromosomes in the metaphase and anaphase stages 
during the second division of the daughter nuclei. 
The orientation of the spindle within the basidium is 
not definite in all cases. The four daughter nuclei are 
conspicuous and are of homogeneous and unexpanded 
type. Four sterigmata appear at the apex of the 
basidium while it is in the quadrinucleate stage. 
When fully developed, the tips of the sterigmata 
become gradually swollen, and finally a spore is 
formed at the apex of each sterigma. After nuclear 
migration, the basidia become empty and appear 
somewhat collapsed. 

The spores of 7’. cingulata are unicellular, uninu- 
cleate, apiculate, hyaline and without any evident 
endospore. The nucleus is situated almost at the 
centre of the spore, and shows itself as a large deeply 
stained body when stained with iron—hematoxylin. 
During germination, when the germ-tube is formed, 
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Fig. i. Nuclear phenomena in the basidium and the development 
of basidiospores; a, 6, young basidia each with a dikaryon ; 
¢, formation of synkaryon ; d-i, two divisions of synkaryon form- 
ing a meiotic phase (hk, a polar view of second metaphase division 
from the top of the basidium; ¢ and &, anaphasic spindle of 
second division showing six chromosomes at each pole); m-—p, 
successive stages in the development of sterigmata and basidio- 
spores: @g, an old basidium after discharge of basidiospores 
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Fig. 2. Nuclear phenomena in basidiospores, spore germination 

and in the primary and secondary mycelia; a, basidiospores 

b-j, successive stages of germination of basidiospores and forma 

tion of primary mycelium; f-/, some secondary hyphe with 
clamp connexions and a dikaryon in each cell 


the nucleus of the spore divides and either one or 
both the nuclei migrate immediately into the germ- 
tube (Fig. 2e). After this migration the first cross- 
septum is laid down at the base of the germ-tube. As 
the germ-tube elongates, it branches, and due to 
irregular formation of septa, uni-, bi-, or miulti- 
nucleate hyphal cells make their appearance. In 
later stages, the hyphal cells appear mostly mono- 
karyotic. 

In stained preparations of secondary mycelium, 
it is found that most of the hyphal cells are dikaryotic, 
but rarely a cell with two to four nuclei can be found. 
Clamp-connexions are found at most septa. The 
nuclei in the spores, germinating spores and the 
primary and secondary mycelia are found to belong 
to the ‘homogeneous type’. Division stages of the 
vegetative nuclei, however, have not been observed. 

I am grateful to Dr. S. N. Banerjee, Department 
of Botany, University of Calcutta, for his helpful 
advice in connexion with the present investigations. 

PritinpRA Mowan Nana* 

Mycological Laboratory, 

Department of Botany, 

University of Calcutta. 

* Present address: Department of Microbiology, Bose Institute, 
Calcutta 9. 


' Buller, A. H. R., Nature, 128, 686 (1930); ‘“‘Researches on Fungi”. 
4, 1 (1931). Noble, Mary, Ann. Bot. Lond. (N.S.), 1, 67 (1937). 
Quintanilha, A., Bot. Soc. Broteriana (Coimbra), 8, 3 (1932); 
Agronomi aLusitana, 3, 241 (1940). 

* Kniep, H., Z. Bot., 5, 593 (1913). 

* Pinto-Lopes, J., Portugalie Acta Biologica, 2, 191 (1949). 


A Simplified Method for the Study of 
Chromosomes in Man 


GREAT advances in cytogenetics resulted from the 
use of the Feulgen ‘squash’ technique after pre- 
treatment of cells with hypotonic solutions and 
colchicine. The cells are submitted to the action of 
colchicine chiefly to inhibit spindle formation, thus 
causing accumulation of metaphases and dispersal of 
chromosomes in the cytoplasm ; in addition, the drug 
has the valuable effect of shortening the chromosomes 
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and inducing sister chromatids to diverge, thus making 
clear the position of the centromeres. In this way, 
the whols character of the chromosome is easily and 
quickly recognizable. For these reasons colchicine 
is widely employed in plant and animal cytogenetics. 

In man, however, tissue culture seems to be an 
obligatory step in the technique. Colchicine is added 
te the culture to obtain the desired effects on cells in 
mitosis. Tissue cultures, however, take time to pre- 
pare and demand technical conditions not always 
accessible to general laboratories. Moreover, altera- 
tions of chromosome pattern have been ascribed as 
due to culture procedures. 

Searching for a simplified technique, we tried to 
submit human cells in vivo to the action of a deriva- 
tive of colchicine and thus to avoid the inconvenience 
of tissue culture. We used dasacetylmethylcolchicine 
(‘Coleemid’ or ‘Demecolcine’, Ciba), which has the 
same effects as colchicine, but is twenty to thirty 
times less toxic’. Initially, the drug was used 
humans with malignant diseases and afterwards in 
normal humans and in other clinical conditions. 

After preliminary trials, we chose a dose of 
0-1 mgm./kgm. body-weight, diluted in saline and 
slowly administered intravenously. This amount 
is much less than those used in the therapy of gout 
and neoplastic disease in man! and in animal experi- 
ments. 

The drug was allowed to act in the organism for 
2 hr. and then bone marrow was obtained by 
sternal puncture. The marrow specimen was con- 
verted into a suspension of cells, treated with a 
hypotonic solution, filtered through a special sieve 
and stained with Feulgen reagent, according to the 
technique described by Ford and Hamerton’®. After 
squashing, the preparations were sealed with hard 
paraffin and observed under an oil-immersion lens. 
The cells of eight individuals were studied in this 
way. 

The preparations showed a satisfactory number 
of cells in mitotic metaphase, with good spreading 
of chromosomes which disclosed the characteristic 
effects of the drug (Fig. 1). Counting, sex identifica- 
tion and the study of individual chromosomes could 
be easily carried out. To avoid breaking the cells, 
no attempts were made to obtain permanent prepara- 
tions. No departure from the normal number of 
chromosomes was observed in normal cases, except 
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Fig. 1. Cell in metaphase with 46 chromosomes from the bone 
marrow of a normal human female 
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for the polyploid cells occasionally seen in bone 
marrow. 

The simplicity of the method led us to use it in 
three patients for the study of the chromosomes of 
malignant cells in ascitic and pleural fluids. The 
same dose of the drug was injected into abdominal 
or pleural cavities. The fluids were obtained 
2 hr. afterwards and, after spinning, the cells were 
treated by the same technique. The results were 
identical with those observed for bone marrow cells. 
Qualitative and quantitative data obtained with 
this method will be reported elsewhere. 

All individuals were followed clinically and 
hematologically and no abnormality was detected 
that could suggest toxic effects of the drug. 

We believe this method will be useful for chromo- 
somal studies in other human tissues, whether 
neoplastic or not. These results were described at 
the fourth meeting of the Sociedade de Biologia de 
Ribeiraéo Préto on November 11, 1959. 

C. Borrura 
I. FERRARI 








































Medical School of Ribeirao Préto, 
Department of Clinical Medicine, 
Ribeiréo Préto, Estado de Sao Paulo, 
Brazil. 
1 Dittman, W. A., and Ward, J. R., Amer. J. Med., 27, 519 (1959). 
* Ford, C. E., and Hamerton, J. L., Stain Tech., 31, 247 (1956). 


Blocking of Mitosis by Heat Shock 


WHEN eggs of Trichogaster trichopterus var. 
sumatranus (Teleostei: Anabantidae) are subjected 
to + 39/40° C. for 3-6 min., mitosis is temporarily 
halted, being resumed immediately once the eggs 
are brought back to normal temperature (+ 27° C.). 
At temperatures of 40-5/42° C. for 3-7 min. mitosis 
is halted, while the mitotic structures are changed 
to an extent which necessitates a re-organization 
after the termination of the heat shock before mitosis 
can be resumed. At still higher temperatures similar 
changes are invoked by the heat treatment, but with 
increasing temperatures the eggs rapidly lose the 
property of post-blocking restitution. 

The present communication is concerned with tho 
blocking of different mitotic stages in the first and 
second cleavage divisions in T'richogaster using heat 
shocks of + 40-5/42°C. for 30 sec._7 min. as the 
blocking agent. The material of 240 heat-treated 
eggs was fixed (together with untreated controls) in 
Kahle without water (96 per cent ethanol, 15 parts ; 
40 per cent formaldehyde, 6 parts; glacial acetic 
acid, 1 part), and 10-u serial sections were stained 
with Heidenhain’s hematoxylin. 

The changes invoked by the heat shock are as 
follow : 

Prophase (Fig. 1). The nucleus shows a shrunken 
appearance, and the nuclear membrane may have 
broken down. In the latter case the chromosomes 
are found close together, suggesting that the break- 
down has been preceded by nuclear shrinkage. In 
most cases the centrioles have approached one 
another. The asters have been temporarily reduced 
in size and appear generally as a monaster. 

Prometaphase (Fig. 2). The chromosomes appear 
largely unchanged, having retained~the condensed 
state of prometaphase. The position differs from that 
of normal prometaphase in that the chromosomes 
are found outside the original spindle field in the 
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Fig. 1. Seeond prophase blocked by heat shock and fixed upon 
termination of the treatment. Mitotic axis approximately as in 


Fig. 3. x 1,000 
Fig. 2. First prometaphase blocked by heat shock and fixed 
14 min. after the termination of the treatment. Mitotic axis 
approximately asin Fig.3. x 1,000 
Fig. 3. First anaphase blocked by heat shock and fixed upon 
termination of the treatment. (The dark bodies between the 
nuclei are yolk granules.) 1,000 


plane of the metaphase plate. The centrioles have 
approached one another. The asters have been 
temporarily reduced in size; they appear as a 
monaster when they rapidly resume their normal size 
after the termination of the heat shock. The spindle 
is rapidly disorganized as a visible structure. 

Metaphase. The chromosomes appear unchanged. 
The centrioles have retained their normal distance 
from one another, giving rise to an amphi-aster 
mitotic apparatus without a visible spindle after the 
heat treatment has terminated. 

Anaphase (Fig. 3). The chromosomes undergo 
vesiculation in the course of the treatment, changing 
into telophase nuclei or tight groups of chromosomal 
vesicles. In cases interpreted as early anaphase, where 
the separation of the chromosomes had not been 
completed, one vesicular nucleus is found in the 
position of the metaphase plate. In later anaphase 
the chromosomal vesicles or the two nuclei are 
found close to each of the centrioles. The migration 
of the centrioles has been halted, but not reversed. 
The asters are rapidly reduced in definition. The 
spindle loses rapidly in definition, and the interzonal 
part appears to become disorganized before the half- 
spindles contract, bringing the chromosomes close to 
the centrioles. 

Telophase. The features are similar to those found 
after blocking in late anaphase. In some cases, how- 
ever, the nuclei have the same shrunken appearance 
as have nuclei treated in prophase. 

None of the changes described above was found 
in the untreated controls. 

The action of heat shock on the cell centre and 
the nuclear structures seems to be as follows. While 
the migration of the centrioles is halted in all mitotic 
stages, it is reversed in prophase and prometaphase. 
Prior to anaphase, the asters are able to resume their 
cycle of size increase once the heat shock is term- 
inated. If anaphase has commenced, new asters are 
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not formed until after the lapse of some minutes. 
In the nuclear cycle of condensation and extension’, 
the process of the mitotic stage concerned appears 
to proceed during the heat shock, while the switch 





from condensation to extension at the onset of 


anaphase does not take place during heat treatment. 
The switch in the nuclear cycle in the transition from 
telophase to prophase appears also to be inhibited. 
(The shrinkage found in some telophase nuclei may 
indicate that the nuclear transition to prophase has 
already commenced before any morphological changes 
can be identified. In the present material the pro- 
cesses of the first- and second-cleavage divisions over- 
lap to a considerable extent (unpublished work).) 

It. appears then that the mode of response to heat 
shock varies during the mitotic cycle, and the changes 
in the mode of response—which cannot be explained 
by the methods employed in the present investigation 

appear to take place simultaneously with the change 
in the number of organizing structures, that is, cen- 
trioles and centromeres. 

This work was supported by a grant from the 
Norwegian Research Council for Science and the 
Humanities. 


PER BERGAN 


Zoological Laboratory, 
University of Oslo, 
Oslo—Blindern, 
Norway. 


? Ris, H., and Mirsky, A. E., J. Gen. Physiol., 32, 489 (1949). 


GENETICS 


‘Sage’: a Colour Modifier in Aspergillus 
nidulans 


Contp1a of wild-type Aspergillus nidulans are 
green, but mutants occur with yellow and white 
spores. The genetical basis for these colour differ- 
ences has been shown by Pontecorvo! to be due to two 
unlinked genes ; one, Y, controlling spore colour and 
giving green spores, its mutant form y being yellow. 
and the other, W, controlling presence or absence of 
spore colour. The mutant form of this gene, 1, 
produces a white phenotype whether Y or y is present. 
We have confirmed this with our material. 

While irradiating a green-spored, biotin-requiring 
strain (W Yb) with ultra-violet light, a pale green, 
biotin-requiring mutant was isolated, which is clear!) 
distinct from the colours hitherto described. In a 
cross with yellow (y BJ)'this pale green mutant gave 
progeny of four classes of spore colour in equal propor- 
tions : normal green and normal yellow together with 
pale green and a pale yellow spored class. It would 
seem that the pale yellow and pale green strains carr) 
the mutant gene. This mutant modifies both yellow 
and green pigments and the four classes indicate that 
the mutation has occurred at a gene locus not linked 
with Y. We have called this mutant ‘Sage’, its 
symbol being sa and that of the non-mutant allele Si. 

In order to test this idea a further cross was made 
using the pale yellow of presumed genotype (II) 
sa y (BI) and a white-spored strain which is known 
to carry Y and requires biotin for growth. Biotin 
and Y are linked by 5-7 units of recombination. The 
results are given in Table 1. 

From these results it can be concluded that 
(1) the expression of the phenotypes sa Y and sa ¥ is 
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Table 1. Cross: W sa yvBI 


No. 4728 


x wSA Vb 


Colours | White | Pale yellow | Pale green | Yellow | Green 


Frequency | 554 136 146 91 81 
Colour Biotin requiring | Biotin independent Total 
Pale yellow 9 117 126 
Pale green | 121 7 128 
Yellow 6 74 80 
7 63 


(ireen 56 


dependent on the presence of the non-mutant allele 
at the W locus (whites 554: colours 504). (2) SA 
and Y segregate independently. (3) SA is linked 
with white (W). This is apparent from the following : 
parental clase HE at 33234 per cent recombination 
Two other classes, w SA and w sa, occur, but are white 
spored and cannot be used in the analysis. (4) SA 
and BI segregate independently. 

[It is clear that at least three genes control the 
formation of conidial pigment in Aspergillus. 

The change brought about by the mutation at the 
S4 locus has been studied by extracting pigment 
from the pale yellow spores and comparing it with 
pigment obtained from normal yellow spores. The 
method used depends on the acidic nature of the 
pigment and it is extracted presumably as the sodium 
salt. Acidification of the solution of this salt in 
dilute aqueous sodium hydroxide with dilute hydro- 
chloric acid results in precipitation of the pigment, 
and it is possible to purify it in this manner. Consis- 
tent curves of absorption against wave-length were 
taken as an indication of purity ; but in order to test 
the method, the pigment purified in this way was 
taken and adsorbed on to a cation exchange resin 
(‘Zeo-karb 225’) and eluted at controlled pH’s. A 
well-defined band was obtained giving identical 
curves with those obtained previously. 

A comparison of the absorption curves as shown 
in Fig. 1 indicates a certain similarity between the 
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Fig. 1 Absorption curves of purified pigment derived from the 
normal yellow and the pale yellow 





NATURE 907 


curves of the two pigments. The points of difference 
are the reversal of the heights of the peaks at 228 mu 
and 280 my and the appearance of an additional 
upward trend at 200 my in the case of the pale yellow 


pigment. Besides the peaks shown, there is an 
additional peak at 410 my in both pigments, but this 
is slight compared with the absorption at the shorter 
wave-lengths. 

The difference promoted by the sa mutation is 
therefore one of quality rather than of quantity, 
and it seems reasonable to suppose that a chemical 
change has occurred in the structure of the pigment. 
The nature and biosynthetic significance of the change 
is not yet clear. 

My thanks are due to Prof. D. Lewis and Dr. D. 
Wilkie for their help aud criticisms. This work has 
been carried out with the help of a grant from the 
Medical Research Council. 


B. J. KivBey 
Department of Botany, 
University College, 
London, W.C.1. 


1Pontecorvo, G., “Advance. Genet.’’, 5, 142 (1953). 


Inheritance of 8-Globulins in Serum and 
Milk from Cattle 

Usine starch-gel electrophoresis Smithies and 
Hickman! recognized five cattle 8-globulin pheno- 
types. Ina preliminary communication Ashton? also 
described five phenotypes, but after critical examina- 
tion of some matings he detected a sixth phenotype’. 
The results indicated that the 8-globulin types were 
determined by three alleles named 84, 8? and 82, with 
no dominance',*. However, usually it seems to be 
difficult to distinguish the two phenotypes D/E and 
E/E. 

In order to improve the separation of the 8-globu- 
lins some modifications of the technique of Smithies* 
with horizontal gel were applied in the present work. 
A tris-buffer pH 8-9 (trishydroxymethylamino- 
methane, sigma 7-9, 20:2 gm./l., ethylenediamine 
tetraacetic acid, 2-0 gm./l., and boric acid, 1-5 gm./l1.) 
was used as electrolyte. A similar, but more concen- 
trated, buffer has been described by Aronsson and 
Grénvall’. In the present work starch gels were 
prepared from 36-6 ‘gm. acid-hydrolysed potato 
starch in a dilution of 90 ml. electrolyte and 210 ml. 
distilled water. A voltage gradient of 7 V./em. was 
applied for 6 hr. with gels having a dimension of 
220 x 130 x 6 mm. This system has the advantage 
that the separation of the 8-globulins is improved, 
the procedure is of shorter duration, and only one 
kind of buffer is needed. Eight samples inserted 
with the starch grain method can be analysed every 
time. A slice, 2 mm. thick, in the middle of the gel is 
stained in a solution of amido-black 10 B. For 
routine work, it is possible with the present method 
to insert 2 x 8 serum samples on pieces of Whatman 
E17 filter paper (8 samples 3 cm. and 8 samples 
12 cm. from the cathodic side) and to reduce the time 
for the experiment from 6 to 4 hr. 

The six §-globulin types are shown in Fig. 1. 
There is a close agreement between these types and 
those shown diagrammatically by Ashton*. However, 
the phenotype E/E often has a faint fourth band but it 
is always possible to distinguish it from the D/E-type. 
The type A/E has five bands only, but the middle 
band is sometimes a little broader than the others. 
Ashton recognized six bands in this phenotype. 








G08 N A T U R E June 11. 1960 VoL. 186 


Alb 


Migration 





A/D B/E DIE DiD AA 1j/E 


Serum types 


Fig. 1. Photograph from an analysis of cow sera, showing typical 
examples of the six 8-globulin serum phenotypes. Alb., albumin; 
8, 8-globulin ; Sa, slow a-globulin 

Serum samples from 707 animals of the Swedish 
Red and White Cattle breed (SRB) belonging to four 
different herds have been analysed. The estimated 
gene frequencies, 84 = 0-4682, 6B? = 0-2263, and 
3£ — 0-3055, are quite different from those found 
by Ashton® and Hojgaard*. The results in Table 1 
indicate a close agreement between the observed 
distribution of serum types and that expected under 
genetic equilibrium. It is, however, noteworthy that 
there is a deficiency of individuals in all three homo- 
zygous classes, and a corresponding excess of the 
three heterozygous types. 
Table 1. OBSERVED AND EXPECTED DISTRIBUTIONS OF SERUM TYPES 


IN CATTLE FROM FouR DIFFERENT HERDS OF SWEDISH RED AND 
WHITE BREED 


-erum types Total | 

A/A iD DIE DID E/E A/E 
| Observed 147 151 103 33 56 217 
Expected 154-97 149-32 97°76 36-21 65-99 202-25 707 | 
DF 3 zx 3°57 0-50 > P 0-30 | 


SS 


Serum samples from 25 pairs of like-sexed cattle 
twins classified as possibly monozygous because of 
morphological similarity were analysed. In 6 twin 
pairs the two members showed different serum types. 
They were also shown to be dizygous in red cell 
antigen tests. The twins in one of these 6 pairs had 
distinctly different erythrocyte types while the re- 
maining 5 sets showed erythrocyte mosaicism (an 
admixture of two different red cell types). Therefore, 
it is evident that the 8-globulin types are not influ- 
enced by the feetal vascular anastomosis occurring in 
most twin pairs. The red cell antigen test for dizy- 
gosity is relatively laborious and sometimes also 
difficult to interpret in dizygous twins having erythro- 
cyte mosaicism’. Thus, the 8-globulin test provides 
a short method with which at least a part of the 
dizygous pairs will be detected. 

Some samples of cow milk (colostral as well as 
normal) treated as described by Aschaffenburg and 
Drewry® in their investigation on §-lactoglobulins 
were also subjected to starch gel electrophoresis. In 
addition to the rapidly moving 8-lactoglobulin and 
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Milk Blood serum ( 
colostral normal 
Cow No. 922 922 408 922 408 
Fig. 2. Photograph from an analysis of colostral milk from 
cow No. 922 (3 days after parturition), normal milk from cow 
No. 408 (2 months after parturition), and blood serum from the 
same cows, classified as D/E. £-l-glob., 8-lactoglobulin ;} a-l-alb., 
a-lactalbumin 
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a-lactalbumin the colostrum samples showed some ] 
components with a pattern and a migration-rate 
corresponding to the serum §-globulins of the same 
cows (Fig. 2) ; also a protein band in the post albumin 
zone could be seen. With normal milk taken 2 
months after parturition the globulin-like pattern 
was very faint. A component with a migration-rate 
comparable to fast «,-globulin appeared clearly. 
Financial support for this work was provided by the ( 
Swedish Agricultural Research Council. , 
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 Smithies, O., and Hickman, C. G., Genetics, 43, 374 (1958). 
* Ashton, G. C., Nature, 180, 917 (1957). 
* Ashton, G. C., Nature, 182, 370 (1958). 
* Smithies, O., Biochem. J., 61, 629 (1955). 
* Aronsson, T., and Grénvall, A., Scand. J. Clin. Lab. Invest., 9, 338 
(1957). 
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(Denmark), 226 (1959). 
* Rendel, J., Acta Agric. Scand., 8, 162 (1958). 
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VIROLOGY 


Crystallization of Purified Mouse 
Encephalomyocarditis Virus Particles 


MovusE encephalomyocarditis virus is one of 4 
group of viruses known to be pathogenic to a variety 
of animals'. Partial purification of the virus has 
been reported using protamine precipitation of 
extracts of infected mouse brain and the virus particle 
was found to be 27 my in diameter*. Recently, it was 
shown that the virus could be adsorbed on and eluted 
from columns of calcium phosphate without destroy- 
ing infectivity*. In order to obtain analytical data 
on the composition of the virus and to perform 
biochemical studies on the effect of virus multiplica- 
tion on the metabolism of Krebs ascites cells, we have 
developed a method for the purification and crystal- 
lization of encephalomyocarditis virus. 
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The strain of encephalomyocarditis virus used was 
obtained through the courtesy of Dr. Kingsley 
Sanders, and its origin has been described‘. 

Complete details of the method of growing this virus 
on @ large scale will be published shortly. An 
outline of the method is given here. Krebs Il mouse 
ascites cells were suspended in Earle’s medium to a 
final concentration of 2 x 10’ cells/ml. and were 

oculated with an unpurified virus suspension con- 
taining about three infective particles per ascites 
cell. The suspension of infected cells (in 100-ml. lots) 
was incubated at 37° for 18 hr. After this time tho 
cells were spun down at 2,000g for 10 min. at 4° C. 
The supernatant was then centrifuged at 11,000g 
for 10 min. at 4° C. and the supernatant centrifuged 
for 60 min. at 105,000g in a ‘Spinco’ preparative 
ultracentrifuge. The ‘Spinco’ pellets from three such 
cultures were combined and suspended in 0-02 M 
sodium phosphate buffer, pH 7:0. Purified trypsin 
was added to a final concentration 0-01 per cent and 
the suspension incubated 60 min. at 37° C. The 
brownish-coloured solution was diluted threefold 

usually to 30 ml.), and applied to a column (25 mm. 

diameter, 8 em. long) previously packed with calcium 
phosphate in 0-02 M phosphate buffer, pH 7. Cal- 
cium phosphate used for chromatography was 
prepared as described by Taverne, Marshall and 
Fulton’. A phosphate gradient was then applied 
to the column by allowing 125 ml. 0-5 M sodium 
phosphate (pH 7-0) to siphon from a 175-ml. conical 
flask into a cylindrical mixing chamber (4-5 cm. 
diameter) which initially contained about 90 ml. 
0-02 M phosphate (pH 7-0). The virus was eluted 
when the inorganic phosphate concentration of the 
eluate was between 0-2 and 0-3 M. Virus concentra- 
tion in the fractions was measured by hemagglutina- 
tion. 

Concentrated virus was usually contained in about 
15 ml. of column effluent. This was dialysed for 3 hr. 
at 4° C. against 0-02 M phosphate buffer. After 
dialysis the material was applied to a second calcium 
phosphate column (9-5 mm. diameter, 10 cm. length) 
and eluted as described for the first column. Fractions 
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rich in virus were again pooled and centrifuged for 
60 min. at 105,000g in the ultracentrifuge. The white 
pellet which formed was drained free of the super- 
natant and dispersed in 0-1 ml. sterile saline (0-9 
per cent w/v sodium chloride). The tube containing 
the virus suspension in saline was stoppered and left 
at 4°, and within 48 hr. crystals had deposited. 

A photograph of the crystals obtained by dark-field 
microscopy is given in Fig. 1 (x 600). The crystals 
have the form of rectangular wafers. When mounted 
in saline they exhibit Brownian movement and are 
quite thin, their thickness being about 10 per cent 
of their length. An X-ray scatter diagram of a 
suspension of the crystals was obtained by Mrs. 
Kennard of this Institute. The photograph showed 
a repeating pattern characteristic of macromolecular 
organization. 

The crystals dissolved in phosphate-buffered saline 
at pH 7-3 show an absorption maximum in the 
ultra-violet at 258 my and a minimum at 240 mu. 
Analysis of the crystals showed that the ratio ribo- 
nucleic acid/total nitrogen was 2-12. This result 
indicates that the virus contains about 30 per cent 
ribonucleic acid. 

Dispersion of the crystals in phosphate-buffered 
saline gave a suspension containing infective virus 
particles with the following ’ iological activities : 


Hemagglutination units/mgm. ribonucleic acid = 


2-32 x 10° 
Plaque-forming units/mgm. ribonucleic acid = 
5 x 10" 


Although encephalomyocarditis virus particles 
have approximately the same shape and ribonucleic 
acid composition as those from MEF -1 poliomyelitis’, 
the crystal form of the two viruses is quite distinct. 
Poliovirus crystals are tetragonal prisms with 
pyramids at each end, whereas the encephalomyo- 
carditis virus forms rectangular wafers. 


P. FAULKNER* 
E. M. MARTIN 
SvEDtT 

S. Work 


He 


National Institute for Medical Research, 
The Ridgeway, 
Mill Hill, London, N.W.7. 
* On temporary transfer from the Insect Pathology Research Institute, 
Sault Ste. Marie, Ontario, Canada. 


+ Present address: McGill University, Department of Psychiatry, 
Allan Memorial Institute, 1025 Pine Avenue, W. Montreal, Canada. 


1 Jungeblut, C. W., in “Handbuch der Virusforschung’’, 4, 459 
(Springer-Verlag, Vienna, 1958). 

2 Weil, M. L., Warren, J.. Breese, S. S., Russ, 8. B., and Jeffries, H., 
J. Bact., 68, 99 (1952). 

3 Taverne, J., Marshall, J. H., and Fulton, F., J. Gen. Microbdiol., 19, 
451 (1958). 

* Hoskins, J. M., and Sanders, F. K., Brit. J. Exp. Path., 38, 268 (1957). 

5 Schaffer, F. L., and Schwerdt, C. E., Proce. U.S. Nat. Acad, Sci., 41, 
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Influence of Route of Inoculation and Strain 
of Mouse on Infectivity Titrations of the 
Virus of Foot-and-Mouth Disease 


In the original experiments in which fatal infection 
of unweaned white mice with strains of the virus of 
foot-and-mouth disease was first demonstrated’, the 
mice appeared to be equally sensitive to inoculations 
by the intracerebral and intraperitoneal routes. 
Because of its greater convenience, the intraperitoneal 
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route has been adopted as a standard method of 
infecting mice four—eight days old. We have now 
found that mice of this age are more susceptible to 
infection with most strains of the virus if the inocula- 
tion is made at other sites, namely, the muscles of 
the hind limbs and the pectoral region, or subcutane- 
ously beneath the raised dorsal skin. 

Virus strains of widely different history were 
titrated simultaneously using the intraperitoneal 
route, and one or more of these other routes in mice 
four—eight days old. The volume of inoculum was 
constant in any one experiment, but in different 
experiments volumes varied between 0-02 and 0-05 ml. 
Using a five-fold series of virus dilutions, at least 
six mice were inoculated at each dilution by each 
route. 

To reduce the variation between litters and to 
obtain an error estimate (H.S.S., in preparation) the 
unweaned mice were randomized among the mothers 

eight—ten mice per mother—and all the dilutions 
distributed within every litter. Two mice per dilution 
per litter and separate litters for each route were 
usually used. 50 per cent end-point dilutions were 
estimated by the Spearmann—Kirber method’. 
Under these conditions, a measure of the precision 
of the 50 per cent end-point estimates is given by the 
average variance of individual litter end-points (Vx). 
Our Vz estimates, in log,, units, for randomized five 
seven day old mice of the Pirbright P strain with the 
number of degrees of freedom on which these estim- 
ates are based (in brackets) are: Intraperitoneal, 
0-1119 (158); intramuscular pect., 0-1258 (41); 
subcutaneous, 0-1307 (20); intramuscular, one limb 
0-1701 (12); intramuscular, two limbs, 0-1137 (71). 

In a few experiments the unweaned mice were not 
randomized, but different routes of inoculation at the 
same dikition were randomly distributed within every 
litter. 

Our results with the Pirbright P strain of mouse are 
shown in Fig. 1. The following are our general 
conclusions. (1) P strain mice are almost invariably 
more sensitive to these virus strains when inoculated 
by the intramuscular limb, intramuscular pect. or 
subcutaneous routes. The difference is significant 
at the 5 per cent level in about 60 per cent of the 
comparisons. (2) There is good agreement between 
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the ‘route difference’ results obtained with any one 
virus strain in repeated experiments. These were 
often done after an interval of many weeks and 
different virus suspensions were generally used. The 
estimated 95 per cent fiducial limit of the difference 
between two such ‘route difference’ results is 0-62 
log,, units. (3) The magnitude cf the difference 
between any two routes depends on, and is a charac- 
teristic of, the strain of virus used. We could noi 
establish a correlation with any viral property such as 
myotropicity, dermotropicity, immunological type 
or passage history. (4) Tests using the two intra- 
muscular routes are of about equal sensitivity within 
the limits of our experimental error, and appear 
to be more sensitive than tests using the subcutaneous 
route. In some of the experiments simultaneous com- 
parisons were made also in older mice. Susceptibility 
to infection diminished with increase in age less rapidly 
in intramuscularly than in .intraperitoneally in- 
oculated mice. 

The effect of the volume of inoculum on the 50 per 
cent end-point dilution was investigated in mice a 
week old in several experiments with the 119 mouse- 
passaged strain. Volumes of 0-01 ml. and less were 
inoculated with a microsyringe. The efficacy of the 
various volume-levels was compared by calculating 
the 1D50/ml. of the initial virus suspension. The 
intraperitoneal and subcutaneous routes were tested 
by inoculating volumes ranging from 0-001 to 0-27 ml., 
and no significant or consistent variation in the 
1 D50/ml. was detected. The intramuscular limb route 
(inoculating only one limb) also showed no such 
variation over the volume range 0-0001—0-01 ml. ; 
but when increased to 0-03 and 0-05 ml. (two experi- 
ments) the 1D50/ml. was less than that expected by 
log,» 0:46, 0-53 and 0-71 respectively. For maximum 
efficiency of this route, the volume inoculated per 
limb should not therefore exceed 0:01 ml. 

Only P strain mice were used in the experiments 
so far discussed. Using this strain as a control, the 
relative susceptibilities to infection by the intra- 
peritoneal and intramuscular (two limbs) routes of 
inoculation have been investigated in mice of the 
same age from six of the other strains of mice main- 
tained at this Institute. Experiments were so de- 
signed that any change in the infectivity of virus 
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Fig. 1. Relative susceptibility of P strain mice to infection with strains of the virus of foot-and-mouth disease inoculated by different 


routes using the intraperitoneal route end-point as a base-line (0-0). 
. _j, intramuscular, pect. ; 


), Intramuscular, limb ; 


Virus code: 1-6. Strains 39, Ven. 1, A.S.J., Dutch 0, M.11, and 1, . : 
Rho.1, R.V.7, and Pak. 1, types Vallée A, Waldmann C, S8.A.T.1,2,3, and Asia 1 respectively 


Simultaneous comparisons are indicated by the same letter. 
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dilutions during the period of the inoculations could 
not enhance or minimize any differences attributable 
to the mouse strain or route of inoculation. Usually, 
four or five randomized litters of ten mice were used 
per mouse strain per route. The results will be pub- 
lished in detail elsewhere (H.S.5S., in preparation). 

The following general points have emerged : 

(1) Some of these mouse strains differ by as much 
as 1-3 logy, units in their susceptibility to infection 
by the intraperitoneal route used. 

2) Irrespective of the susceptibility to infection 
of a mouse strain, the intramuscular limb 50 per cent 
end-point is with almost all virus strains higher than 
the intraperitoneal 50 per cent end-point. Actually, 
19 out of 22 experiments with 14 different virus 
strains showed a difference from 0-1 to 1-5 log,» units 
in favour of the intramuscular route (43 separate 
comparisons). In the remaining 3 experiments the 
difference varies from 0-0 to 0-5 in favour of the 
intraperitoneal route (6 separate comparisons). 

(3) Two mouse strains (Pirbright B and G) are less 
susceptible to infection than the P strain. They 
consistently gave lower 50 per cent infective end-point 
dilutions when the intraperitoneal route and the 
intramuscular (two limbs) route were compared. 
In addition they appear to be more variable, as the 
lx estimates for these strains are considerably higher 
than the corresponding P strain estimates. 

(4) Three mouse strains (Pirbright A, C and C57) 
are more susceptible to infection than the P strain. 
With one exception, the only mouse-passaged strain 
tested (see 6, below), they consistently gave higher 
end-points when the intraperitoneal route was 
compared and also in 16 out of 21 comparisons of the 
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intramuscular route. The Vz estimates of these 
strains are very similar to those of the P strain. 

(5) The magnitude of the difference between the 
intramuscular and intraperitoneal routes with any 
given virus strain depends also on the mouse strain 
in which the comparison is made. Thus in two 
experiments with virus strain RV 7, differences found 
in P strain mice were 1-4 and 1-5, while in A strain 
mice they were respectively 0-4 and 0-7 log,, units. 

(6) Experiments with virus strain 119 at its 292nd 
intraperitoneal passage in unweaned P strain mice 
suggest specific adaptation of the virus to the 
unweaned P strain mice, when the accustomed route 
of inoculation is used. We have found the intra- 
peritoneal end-point consistently higher in P strain 
than in A strain, but the reverse is true for the 
intramuscular end-point. 

As the Vx estimate for tests made by the intra- 
peritoneal route is as low as that of more sensitive 
tests made by the intramuscular or subcutaneous 
routes, the intraperitoneal route of inoculation 
remains a suitable one for titrations of infectivity 
when relative concentrations of virus are being 
estimated. However, when materials suspected of 
containing only traces of virus are tested, the more 
sensitive test routes should be used. These routes 
should also be of value when particle counts are being 
correlated with infectivity. Additional improvement 
of sensitivity may be achieved by choosing a more 
sensitive mouse strain than the one which is in use. 
Our results indicate that different laboratories may at 
present be using mouse strains differing in their 
susceptibility to infection by at least a factor of ten. 

When an attempt is made to compare the sus- 
ceptibility of different mouse strains, virus pre-adapted 
to one of the strains should not be used. 
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Simultaneous titrations of most cattle strains of 
virus intraperitoneally in unweaned mice (0-03 ml.) 
and intradermally on the tongues of two steers at 
multiple sites (0-1 ml. per site)* have been shown to 
result in similar 50 per cent end-point dilutions in 
both species‘, although there is a threefold difference 
in the volume inoculated. Our colleagues, Martin, 
Mowat and Pay, have since made the same observa- 
tion on several occasions (personal communications). 
Using three cattle strains of virus, we have, in collabor- 
ation with our colleagues Davie, Davies and O’Reilly, 
made simultaneous titrations as above in cattle and 
intramuscularly (0-02 ml.) in P strain mice. The 
50 per cens end-point dilutions in mice exceeded those 
in cattle by log,) 0-4, 0-5 and > 1-7. Allowing for 
the difference in volume inoculated, our results indi- 
cate that the mice in these tests were log,, 1-1, 1-2 
and > 2-4 times more susceptible to infection than 
the cattle tongue epithelium. Alternatively, assum- 
ing that the mice and epithelium were of equal 
susceptibility, then, in the latter, only a fraction of 
the virus dose succeeds in initiating a lesion at the 
site of inoculation. 

Wenpy HEATLEY 
H. H. SKINNER 
H. SuBAK-SHARPE 
Research Institute 
(Animal Virus Diseases), 
Pirbright, Surrey. 
1 Skinner, H. H., Proc. Roy. Soc. Med., 44, 1041 (1951). 
2 cit. Finney, D. J., “Statistical Method in Biological Assay’? (C. 
Griffin and Co., London, 1952). 
* Henderson, W. M., Agric. Res. Council Rep. Ser. No. 8 (H.M. 
Stationery Office, London, 1949). 


* Skinner, H. H., Henderson, W. M., and Brooksby, J. B., Nature. 169, 
794 (1952). 


PSYCHOLOGY 
“*Self-Regulation for Children” 


In the review of our book ““The Free Family’’, in 
Nature of April 2, p. 38, Prof. Vernon says that 
‘it is clear that the children experienced considerable 
difficulty in adapting themselves to the society of 
children very differently brought up”, and he asks 
for independent evidence for their “spontaneity, 
poise and stability’’. 

Allow me to say that Prof. Vernon could only have 
gained the first false impression because we describe 
in detail the kind of conflicts one of our children had 
in a specific instance. This certainly does not imply 
that our children had more difficulties in ‘socializa- 
tion’ than other children. This is particularly true 
for the second, third, fourth and fifth child. All 
their school reports have tended to stress their ability 
to co-operate. 

The independent evidence Prof. Vernon asks for 
can also be supplied in part: the oldest child is one 
of 19 children in Nottingham to have received a 
free place at the Nottingham Girls’ High School ; 
further, two ‘television teams’ spent a whole day with 
the family shortly after the book came out, and 
although adverse points were of course made, none 
doubted ‘‘spontaneity, poise and stability”’. 

We started self-regulating children when I was a 
student on a very meagre grant and I have always 
had little inclination for leisure. Flexibility we have 
had, more so than the normal parents, and it is 
useful ; but money and leisure are not important 
criteria. We agree with Prof. Vernon that self- 
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regulation will be practised only by a fortunate few, 
but the criteria of selection is likely to be vitality and 
capacity to love, both symptoms of psycho-somatic 
health. 
PauL RITTER 
7 Magdala Road, 
Nottingham. 


Ir may well be that enthusiasm on the part of the 
parents is a more essential condition than are any 
material circumstances for carrying out ‘self-regula- 
tion’ in the family successfully. Nevertheless, the 
success of this procedure can be adequately assessed 
only from studies made by independent psychological 
observers of a fair sample of such families and of the 
personal and social adjustment of the children. 


M. D. Vernon 


The University, 
Reading. 


MISCELLANY 


The Problem of Language in Publications 
of Works in Scientific and Other Fields 
of Learning 
THE predominance of the English language in 
modern scientific and technical literature, of which 
the research workers and writers of reviews are well 
aware, was clearly demonstrated in an important 


report published by Unesco! on different aspects of 


the language problem in science and technology. 
It would indeed be interesting to obtain similar 
information on pub!.shed works in other fields of 
knowledge. 

The problem of language is not a new one and has 
been discussed by men of learning at different times. 
Significant and prophetic in this respect was the 
letter? by David Hume to Gibbon dated October 24, 
1767. It concerns one of the early attempts by 
Gibbon to write a historical essay which he devoted 
to the history of the Swiss Republic. In the selection 
of this subject he was influenced by his Swiss friend 
Deyverdun and the feeling he had for Switzerland 
as his country by adoption. He began to work on 
this essay in 1764 when, as he wrote: “The Decline 
and Fall of Rome I still contemplated at an awful 
distance. ..”’. 

“It is but a few days ago,” wrote Hume, “since 
Deyverdun put your manuscript into my hands, and 
I have perused it with great pleasure and satisfaction. 
[ have only one objection derived from the language 
in which it is written. Why do you compose in 
French, and carry faggots into the woods, as Horace 
says with regard to Romans who wrote in Greek ? 
I grant that you have a like motive to those Romans, 
and adopt a language much more generally diffused 
than your native tongue : but have you not remarked 
the fate of those two ancient languages in following 
ages ? The Latin, though then less celebrated, and 
confined to more narrow limits, has in some measure 
outlived the Greek, and is now more generally under- 
stood by men of letters. Let the French, therefore, 


triumph in the present diffusion of their tongue. 
Our solid and increasing establishments in America, 
where we need less dread the inundation of Barbarians, 
promise a superior stability and duration to the 
English language. 
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“Your use of the French tongue has also led you 
into a style more poetical and figurative, and more 
highly coloured, than our language seems to admit 
of in historical production. . . .” 

Reflecting on soine defects of his essay, Gibbon 
wrote? : 

‘My ancient habits, and the presence of Deyverdun, 
encouraged me to write in French for the continent 
of Europe ; but I was conscious myself that my style, 
above prose and below poetry, degenerated into a 
verbose and turgid declamation. Perhaps I may 
impute the failure to the injudicious choice of a foreign 
language. Perhaps I may suspect that the language 
itself is ill adapted to sustain the vigour and dignity 
of an important narrative 3 

One may ask to what extent Hume’s letter and 
these reflexions influenced Gibbon, when he was 
ready for his work on the “Decline and Fall of the 
Roman Empire’, in adopting for it a language more 
suitable ‘“‘to sustain the vigour and dignity of an 
important narrative’’*. Hume's letter reflected no 
prejudice on his part against France, where he lived 
for several years, enjoying the friendship of many 
distinguished persons, and where he found more 
admirers than in his own country*. On the contrary, 
this letter illustrates the generally accepted unrivalled 
position then occupied by the French language among 
men of learning, a position which had already been 
recognized before Hume’s time and which was held 
for almost a century following his letter to Gibbon. 
Educated people and scholars of different countries 
read in French the works of the great French philoso- 
phers, writers and scientists, and many of them could 
write and speak in French as well as in their mother 
tongues. It is therefore not surprising that many of 
the universally admired works of learning both in 
science and letters, published in France from the 
beginning of the eighteenth until the middle of the 
nineteenth century, were not translated into other 
languages, including English. 

The fact that the English language is on the way to 
occupying, at least in some respects, the position 
previously held by the French language, fulfils 
Hume’s prophecy beyond anything he could have 
contemplated, especially if we consider the rapidly 
growing activity in different fields of learning and the 
production of works of marked scholarship in the 
country which he referred to as our “solid and 
increasing establishments in America’. 

Although there is no sign yet that the prevalent 
use of the English language is abating, or has even 
reached its peak, one must not forget Hume's 
remark as to the fate of other, once dominant, 
languages. Moreover, the prevalence of one language 
does not necessarily imply a loss of interest in the 
others. On the contrary, this interest, being freed 
from more practical purposes, will not cease to be 
stimulated by the desire to appreciate and enjoy 
more fully the cultural life of the corresponding 
country, which can scarcely be satisfied without the 
knowledge of its language. 

D. KEILIN 


Molteno Institute, 
University of Cambridge. 


“Scientific and technical translating and other aspects of the language 
problem”. Documentation and Terminology of Science. Unesco. 
(Atar, Genéve, 1957). 

* “The Miscellaneous Works of E. Gibbon, with Memoirs of His Life 
and Writings”, edit. by Lord Sheffield, in 5 vols. Vol. 1, ““Memoirs 
and Letters” (see pp. 204-205), new edition, 1814 (John Murray, 
London). 

* Greig, J. Y. T., “David Hume” (Jonathan Cape, London, 1931). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, June 13 


ROYAL GEOGRAPHICAL Society (at 1 Kensington Gore, London, 
$.W.7), at 3 p.m.—Annual General Meeting. 


BRITISH SOCIETY FOR THE PHILOSOPHY OF SCIENCE (in the Joint 
Staff Common Room, University College, Gower Street, London, 
W.C.1), at 5.30 p.m.—Prof. 8. Sambursky: ‘“‘Conceptual Develop- 
ments in Greek Science” 


Tuesday, June 14 


ZOULOGICAL SOCIETY a LONDON (at the Zoological Gardens, 
Regent’s Park, London, N.W.1), at 5 p.m.—Scientific Papers. 


UNIVERSITY OF Benees (at the Institute of Archeology, Inner 
Circle, Rege nt’s Park, London, N.W.1), at 5.45 p.m.—Mrs. 8. 
Hallam: “‘Some Aspects of Romano- British Settlements Round the 
Wash”.* (Last of nine lectures on “Recent Archzological Discovery 
in britam ). 


Wednesday, June I5 


SOCIETY OF CHEMICAL INDUSTRY, CORROSION GROUP (at 14 Belgrave 
Square, London, 8.W.1), at 10 a.m. and 2.15 p.m.—Meeting on “‘Oxida- 
tion of Mild Steel’’. 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 
S.W.7), at 5 p.m.—Mr. B. J. Mason and Mr. J. Maybank: “The 
Fragmentation and Electrification of Freezing Water Drops’; Mr. 
RK. J. Murgatroyd and Mr. M. P. Garrod : “Observations of Precipita- 
tion Elements in Cumulus Clouds”; Mr. F. Singleton : “Aircraft 
Observations of Rain and Drizzle from Layer Clouds”. 


UNIVERSITY COLLEGE, DEPARTMENT OF PHARMACOLOGY (in the 
Physiology Theatre, Gower Street, London, W.C.1), at 5 p.m.—Dr. 
H. Wirz (Basle, Switzerland): ‘“‘The Mechanism of Urinary Concen- 
pa and Dilution’’* (The Renal Association—Tenth Anniversary 
ecture). 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Prof. A. H. Cottrell, F.R.S.: “‘The Strength of Solids”’. 


Gini June 16 


BRITISH INSTITUTE OF RADIOLOGY (in the Library, 32 Welbeck 
Street, London, W.1), at 4 p.m.—First Meeting of the Discussion 
Group. 


ROYAL Soctety (at Burlington House, Piccadilly, London, W.1), 
at 4.30 p.m.—Prof. Sir John Eccles, F.R.S.: “‘The Nature of Central 
Inhibitory Action” (The Ferrier Lecture). 


LONDON MATHEMATICAL Society (at the Royal Astronomical 
Society, Burlington House, Piccadilly, London, W.1), at 5 p.m.— 
Prof. R. V. Kadison: ‘“‘Some Aspects "of Spectral Theory” 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson 
House, 26 Portland Place, London, W.1), at 7.30 p.m.—Annual 
General Meeting, followed by Sir Philip Manson-Bahr: ‘‘Around the 
World in 35 Days”, illustrated by lantern slides. 





Friday, June 17 


BRITISH INSTITUTE OF RADIOLOGY (in the Reid-Knox Hall, 32 
Welbeck Street, London, W.1), at 2 p.m.—Radiobiology Meeting. 


APPOINTMENTS VACANT 


(APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

BIOCHEMIST (non-medical), for research on problems connected with 
tropical diseases—The Secretary, Hospital for Tropical Diseases, 
4 St. Pancras Way, London, N.W.1 (June 17). 

ESEARCH FELLOWS (2) IN THE DEPARTMENT OF PHYSICS—The 
Registrar, Queen Mary College (University of London), Mile End 
vad, London, E.1 (June 17). 

ASSISTANT, Grade “B”, IN Pauysics—The Bursar, College of 
Advanced Technology, Gosta Green, Birmingham 4 (June 18). 

ASSISTANT IN THE DEPARTMENT OF MORAL PHILOSOPHY—The 
Secretary, The University, Edinburgh (June 18). 

LECTURER (graduate in engineering or physics, and preferably 
experience of experimental reactor physics or heat transfer) IN 
—, ENGINEERING—The Registrar, The University, Manchester 

une 18). 

LECTURER TO TAKE CHARGE OF METALLURGICAL TEACHING AND 
RESEARCH IN THE DEPARTMENT OF MECHANICAL ENGINEERING— 
athe Secretary, University College, Gower Street, London, W.C.1 
(June 18). 

CHAIR OF BIOCHEMISTRY—The Secretary of the University Council, 
Trinity College, Dublin (June 20). 

LECTURER (preferably with experience with high vacuum and plasma 
devices, and a serious interest in research) to teach the theory and 
practice of electronics as applied to vacuum and gas discharge devices 

Prof. A. Tustin, Department of Electrical Engineering, Imperial 
College of Science and Technology, London, 8.W.7 (June 20). 

RESEARCH STUDENT (with a good honours degree, preferably in 
organic chemistry or in biochemistry) IN PHARMACOLOGY—The 
Registrar, Trinity College, Dublin (June 20). 

SCIENTIFIC OFFICER or SENIOR SCIENTIFIC OFFICER (honours 
graduate in chemistry, preferably Ph.D. with experience in research 
in radiation chemistry or microbiology, and familiar with the use of 
radiation sources, dosimetry and protection of personnel) at the Low 
Temperature Research Station, Cambridge, to work in a group study- 
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ing the preservation of foods with ionizing radiations—The Secretary, 
i Temperature Research Station, Downing Street, Cambridge 
June 21). 

ASSISTANT LECTURER IN APPLIED MATHEMATICS (DIGITAL Com- 
PUTING)—The Secretary, The Queen’s University, Belfast (June 22). 

LECTURERS (with a good honours degree, and preferably with teach- 
ing experience) IN (a) Puysics and (6) CHEMISTRY at the Nigerian 
College of Arts, Science and Technology—The Council for Overseas 
Colleges, 12 Lincoln’s Inn Fields, London, W.C.2 (June 24). 

MYCOLOGIST (preferably with some postgraduate experience) IN 
THE SOIL BUREAU, Department of Scientific and Industrial Research, 
Wellington, New Zealand, to join a team doing research in soil pro- 
cesses—The High Commissioner for New Zealand, 415 Strand, London, 
W.C.2, quoting Ref. No. B.11/21/28 (June 24). 

ASSISTANT IN APPLIED MATHEMATICS—Joint Clerk to thé University 
Court, Queen’s College (University of St. Andrews), Dundee (June 25). 

ASSISTANT LECTURER IN GEOLOGY—The Secretary, The University 
Exeter (June 25). 

SvuB-LIBRARIAN (Science Library) (graduate preferably in science, 
or with good experience in scientific librarianship)—The Registrar, 
The University, Nottingham (June 25). 

LECTURER (with good academic qualifications and industrial or 
other experience in electric power engineering, electrical machines, 
electrical measurements, or control engineering) IN THE DEPARTMENT 
OF ELECTRICAL ENGINEERING—The Registrar, The University, 
Leeds 2 (June 27). 

TEMPORARY LECTURER or ASSISTANT LECTURER IN ZOOLOGY— 
The Secretary, The University, Exeter (June 27). 

CURATOR (with a good general knowledge of botany and wide ex - 
perience of all branches of horticulture, ability to control a large staff 
and a knowledge of all aspects of running a large scientific horti- 
cultural establishment, and preferably a degree in an appropriate 
subject or with the National Diploma of Horticulture) OF THE ROYAL 
BOTANIC GARDENS, Kew, Surrey—The Civil Service Commission, 
Burlington Gardens, London, W.1, quoting 5143/60 (June 28). 

ASSISTANT KEEPER (with a university degree, and preferably with 
the Museums Association Diploma or museums’ experience) OF 
ARCHAZOLOGY—The Curator, Castle Museum, Norwich (NOR 65b), 
Norfolk (June 30). 

ASSISTANT LECTURER (with a degree in botany with some zoology) 
IN B1ioLogy—The Registrar, University College of North Staffordshire, 
Keele, Staffs (June 30). 

CHAIR OF ELECTRICAL ENGINEERING—The Secretary, The Univer- 
sity, Old College, South Bridge, Edinburgh (June 30). 

DEMONSTRATOR IN THE DEPARTMENT OF GEOLOGY—The Registrar, 
University College of North Staffordshire, Keele, Staffs (June 30). 

LECTURER IN STATiIsTics—The Registrar, University College of 
North Staffordshire, Keele, Staffs (June 30). 

LECTURER (with a registrable veterinary qualification and post- 
graduate experience in bacteriology) IN BACTERIOLOGY in the School 
of Veterinary Medicine—The Registrar, Trinity College, Dublin 
(June 30). 

LECTURERS (2) IN CIVIL ENGINEERING—The Registrar, The Uni- 
versity, Nottingham (June 30). 

RESEARCH FELLOWS or ASSOCIATES IN THE DEPARTMENT OF 
CHEMISTRY, for work on either biochemical or chemical aspects of 
bacterial cell walls and related subjects—The Registrar, King’s 
College (University of Durham), Newcastle upon Tyne (June 30). 

LEVERHULME RESEARCH FELLOW (with previous experience of homo- 
grafting or related fields) in the McIndoe Memorial Research Unit, to 
investigate the problem of homografting—The Secretary, East 
Grinstead 7 ae Trust, Queen Victoria Hospital, East Grinstead, 
Sussex (July 1 

UNIVERSITY ASSISTANT LECTURER (preferably with a knowledge 
of either East or Central Africa, or the Pacific area) IN SocIAL 
ANTHROPOLOGY—The Secretary of the Appointments Committee, 
Faculty of Archeology and Anthropology, The University, Downing 
Street, Cambridge (July 2). 

RESEARCH ASSISTANT (with a university degree in physics or 
chemistry, and preferably experience in the investigation of dusts) 
IN INDUSTRIAL HYGIENE in the Department of Social and Preventive 
Medicine—Prof. John Pemberton, The Queen’s University, Belfast 
(July 6). 

LECTURER IN THE DEPARTMENT OF Puysics—Prof. P. M. 8. Blackett, 
F.R.S., Physics Department, Imperial College of Science and Tech- 
nology, Imperial Institute Road, London, 8.W.7 (July 7). 

READER IN PHYSIOLOGY at the Royal Free Hospital Medical School 
—The Academic Registrar, University of London, Senate House, 
London, W.C.1 (July 8). 

RESEARCH ASSISTANT (with a good honours degree in botany or 
agricultural botany and an interest in experimental ecology and/or 
genetics) IN AGRICULTURAL BoTaNy, for investigations on the mineral 
nutrition of natural populations of agriculturally important grass 
species—The Registrar, University College of North Wales, Bangor, 
North Wales (July 15). 

SENIOR ASSISTANT (with a degree or substantially equivalent 
qualifications in physics or electrical engineering or other approved 
subject, and experience in previous employment) IN RESEARCH in 
the Cavendish Laboratory—Dr. F. B. Kipping, Chemical Laboratory, 
The University, Lensfield Road, Cambridge (July 15). 

SECOND CHAIR IN AGRICULTURE at King’s College, Newcastle 
upon Tyne—The Registrar, University Office, 46 North Bailey, Dur- 
ham (July 30). 

ASSISTANT LECTURER or LECTURER IN VETERINARY PARASITOLOGY 
—The Registrar, The University, Liverpool, quoting Ref. CV/T 
(July 31). 

SENIOR LECTURER IN CHEMISTRY at the University of Auckland, 
New Zealand—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (New 
Zealand and London, July 31). 

LABORATORY TECHNICIAN (with experience in laboratory pro- 
cedures in hematology) IN THE DEPARTMENT OF PHYSIOLOGY In the 
University of New England, Armidale, N.S.W., Australia—The 
Secretary, Association of Universities of the British Commonwealth, 
36 Gordon Square, London, W.C.1 (Australia and London, August 15), 
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Ayrshire Central 
Hospitals, 


LABORATORY, 


BIOCHEMIsT (Basic grade) IN THE ; 
Ayrshire 


Hospital, Irvine—Area Medical Superintendent, 
1 Hill Street, Kilmarnock, Ayrshire. 

CATALOGUER/ABSTRACTOR (competent cataloguer with scientific or 
technical library experience) in the Headquarters of the Technical 
Information Service at Hatfield Technica! College—The Registrar, 
Hatfield Technical College, Roe Green, Hatfield, Herts. 

LECTURER (preferably with experience in high polymer chemistry, 
together with teaching and/or industrial experience) IN THE DEPART- 
MENT OF CHEMISTRY, COLOUR CHEMISTRY AND DYEING, to teach 
physical chemistry to the Dip.Tech. and G.R.1.C. standard—The 
Principal, Huddersfield College of Technology, Huddersfield. 

MEDICAL LABORATORY TECHNICIAN (qualified A.1.M.L.T., or 
a science degree or equivalent)—The Administrative Officer, North 
London Blood Transfusion Centre, Deansbrook Road, Edgware, Mddx. 

RESEARCH ASSISTANT, and EXPERIMENTAL OFFICERS (2) (PHYSICISTS 
or ENGINEERS interested in working on high temperature hypersonic 
tlow Head of the Aeronautics De partment, Imperial 
College and Technology, London, 8.W. 

RESEARCH (with a Ph.D. degree in physical chemistry 
or physics) IN to work on the reaction of metals with 
: elevated The Secretary, The University, 


with 


research) 

of Science 
ASSISTANT 
CHEMISTRY, 
gases at temperatures 
Exeter ‘ 

RESEARCH STUDENTS (with a good honours degree or equivalent 
qualification, undergraduates in their final year will also be considered, 
IN CHEMISTRY, CIVIL ENGINEERING, ELECTRONICS, METALLURGY) 
PHARMACY AND Puysics—The Registrar, Technical € ollege, Sunder- 
land, Co. Durham. - 

SENIOR EXPERIMENTALIST (with G.C.E. at “A” level, H.N.C. or 
their equivalent, and (a) considerable experience in the design and 
manufacture of special electronic devices, and (6) a knowledge of the 
latest advances in pulse counting and timing techniques), to be 
responsible for the operation, maintenance and improvement of a 
complex electronic counting installation associated with 4 linear 
accelerator—The Personnel Manager (1695/34), U.K.A.E.A., A.E.R.E. 
Harwell, Didcot, Berks. ’ 

SENIOR TECHNICIAN (fully conversant with general workshop 
practice, and with practical electrical experience) IN THE DEPARTMENT 
OF X-RAY TECHNOLOGY of the Churchill Hospital, Oxford—The 
Assistant Administrator, Radcliffe Infirmary, Oxford. 

TECHNICAL OFFICER (with a degree or diploma in 
wricultural botany) IN THE CEREALS SECTION OF THE 
DUCTION BRANCH—The Secretary, National Institute of 
Botany, Huntingdon Road, Cambridge. 


agriculture or 
SEED PRO- 
Agricultural 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Bulletin of the British Museum (Natural History). Entomology. 
Vol. No. 7: The Acrometopae of the Ethiopian Region—a Revision, 
with ‘Notes on the Sexual Dimorphism Shown by the Group (Orthop- 
tera: Tettigoniidae). By D. R. Ragge. Pp. 267-333. 20s. Vol. 
No. 8: New Siphonaptera from Eastern as —— an Countries. 
By F. G. A. M. Smith. Pp. 335-366. 10s. Vol. 8, No. 9: Studies in 
ponents r=. Tenthredinidae). By Robert B. Bessen. Pp. 367-384. 
7s. 6d. Vol. No. 10: The Pseudococcidae (Coccoidea : Homoptera) 
“ the salenenmn te lands. By D. J. Williams. Pp. 385 430. 158. Zoology. 
Vol. 6, No. 3 British Slugs (Pulmonata; Testacellidae, —e, 
Limacidae). By H. E. Quick. Pp. 103-226+2 plates. 45s. Vol. 
No. 4 4 Revision of the Lake Victoria Haplochromis Species (Pisces, 
Cichlidae), Part IV. By P. H. Greenwood. Pp. 227 281. 20s. Vol. € 
No. 5: On a Stygiomysis from the West Indies, with a Note on 
Spelaeogriphus (Crustacea, Peracarida). By Dr, Isabella Gordon. Pp. 
283-3244 plates 3 and 4. 15s. (London: British Museum (Natural 
History), 1960). [183 
Philosophical Transactions of the Royal Society of London. Series 
B Biological Sciences. o. 696, Vol. 242 (17 March 1960): The 
Genetics of Homostyly in Populations of Neg vulgaris. By W. F. 
Bodmer. Pp. 517-549. 10s. No. 697, Vol. 242 (17 March 1960) : 
The Use of Electronic Computation in the Study of Random Fluc- 
tuations in Rapidly Evolving Populations. By J. L. Crosby. 
551-573. 7s. 6d. (London: Royal Society, 1960.) . : 
Proceedings of the Royal Irish Academy. Vol. 60, Section A, No. 4: 
Charge ae in Aerosols According to the Boltzmann Law. By 
D. Keefe, P. J. Nolan and T. Rich. Pp. 27-45. 2s. 6d. Vol. 
Se — B, No. 7: The Bs asis of the Constancy of the Body Tempe ton ang 
By J. M. O’Connor. Pp. 243-276. 4s. Vol. 60, Section B, No. 8: Some 
Hi urpac ticids from Lough Ine, with descriptions of Two New Species. 
By Katherine M. Roe. Pp Vol. 60, Section B, No. 9: The 
Ecology of a Raised Bog in Co. Tyrone, Northern Ireland. By M. E. 8S. 
Morrison. Pp. 291-308 +plates 22 and 23. 3s. 6d. (Dublin: Hodges, 
Figgis and Co. Ltd., 1959.) i 183 
Plant Breeding Institute, Cambridge. Annual Report, 1958/59. 
Pp. viii+69. (Cambridge: Plant Breeding Institute, 1960.) 5s. [213 
Institution of Gas Engineers. Publication No. 563: Recommen- 
dations for the Laying of Steel Gas Service Pipes. Pp. 24. (London : 
Institution of Gas Engineers, 1959.) 213 
rE ~ nt of Northern Ireland: Ministry of Le 
No. Tree ‘wo Advice on Planting, Maintenance and Finan- 
cial te tance. Pp. 19. (Belfast : Ministry of Agriculture, +} [213 
Publications of the Royal Observatory, Edinburgh. Vol. No. 5: 
Spectrophotometric Measurements of Early Type Stars. 6: "Results 
and Discussion of 25 stars of M.K. Types B,. By H. E. Butler and H. 
Seddon. Pp. i+187-221. (Edinburgh and London: H.M. Stationery 
Office, 1960.) 10s. net. ; [223 
Bulletin of the British Museum (Natural History). Entomology. 
Vol. 9, No. 1: The Early Literature of Mallophaga (Part IV, 1787- 
By Theresa Clay and G. H. E. Hopkins. Pp. 1-61 + plates 1-6. 
s. 6d. Geology. Vol. 4, No. 2: Beetles from the London Clay (Eocene) 
of Bognor Regis, Sussex. By E. B. Britton. Pp. 27-50+plates 2-7 
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The Morphology and Relationships of Rachiopteris 
cylindrica Williamson. By Henry Smith Holden. Pp. 51-69 +plates 
8-10. 9s. (London: British Museum (Natural History), 1960.) [233 

1960-61 Civil Estimates for the year ending 3lst March 1961. 
Class IV: Education and Broadcasting. Pp. 102+xvi. (London: 
H.M. Stationery Office, 1960.) 7s. net. (283 

H.M. Treasury. Assistance from the United Kingdom for Overseas 
Development. Pp. 20. (Cmnd. 974.) (London: H.M. Stationery 
Office, 1960.) 1s. net. (283 
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12s. Vol. 4, No. 3: 


Other Countries 


Academy of Natural Sciences of Philadelphia, 
No. 319 (May 29, 1959): A New Cardinal Fish yo ue) from the 
Bahamas. By James E. Boéhike. Pp. 5. No. 320 (May 29, 1959) 
The Characters and Synomony of the Western. Atlantie me Eel, 
Ophichthus ophis Linnaeus. By James E. Béhike. Pp. 9. No. 321 
(September 25, 1959): A New Fish of the Genus Hypsoblennius 
(Blemmiidae) a the Bahamas. By James E. Boéhlke. Pp. 5. No. 
322 (September 25, 1959): Notes on . 7 Birds. By R. Meyer 
de Schauensee and John E. du Port. Pp. 5. No. 323 (September 25, 
1959); The Correct Placement of the Genus P oy (Orthoptera 
Acrididae ; C yrtacanthacridinae). Ky James A. Rehn and Harold 
J. Grant, Jr. Pp. 3. No. 324 (October 30, 1959) : New Subgenera 
and Two New Species of the Genus Navicula (Bacillariophyceae). By 
Ruth Patrick. Pp. 11. No. 325 (October 30, 1959): Studies on Fishes 
of the Family Ophidiidae. IV: Two New Dwarf Cusk-Eels (Genus 
Ophidion) from the Tropical Western Atlantic. By C. Richard Robins 
and James E. Boéhlke. Pp. 9. (Philadelphia : Acade ‘my of Natural 
Sciences, 1959.) (213 
Universidad Nacional del Sur, Extension Cultural, Bahia Blane 
Algunos Aspectos de la Biologia de Suelos. Por E. H. Rapoport. Pp 
(Bahia Blanca, Argentina : Universidad Nacional del Sur, 1959.) [21: 3 
Instituto Antartico Argentino. Antarctic Symposium of Buenos 
Aires, November 17-25, 1959. Document No. 19: Resolutions Adopted 
by the Closing Plenary Session. Pp. 4. Document No. 20: Reports on 
the Scientific Sessions. Pp. 2. Informe de Resultados sobre el Simposio 
Antartico de Buenos Aires, 1959. Por Rodolfo N. Panzarini. Pp. 81. 
(Buenos Aires: Instituto Antartico Argentino, 1959). (213 
Boletin del Instituto Antartico Argentino, Vol. 1, No. 1 (Mayo, 1957), 
Pp. 48. (Buenos Aires: Instituto Antartico Argentino, 1957.) [213 
Instituto Antartico Argentino. Publicacion No. 1: Contribucion al 
Conocimiento del Sector Antartico Argentino. Por I. Rafael Cordini. 
Pp. 277+57 plates. Publicacion No. 2: Contribucion a la Geologia 
de la Antartida Occidental. Por Jean a her, Horacio Diaz y Mario 
Teruggi. Pp. 152. Publicacion No. 3: El Conocimiento Geomagnetico 
de la Antartida Sudamericana. Por Leonidas Slaucitajs. Pp. 114. 
Publicacion No. 4: Algunus Observaciones Geologicas y Criopedologicas 
en la Antartida. Por Horacio H. Camacho, Jorge Villar Fabre, Arturo 
E. Corte y Arturo L. Somoza. Pp. 131. Publicacion No. 5: Diatomeas 
y Silicoflageladis del Sector Antartico Sudamericana. Por Joaquin 
Frenguelli y Hector A. Orlando. Pp. 191 (17 plates). (Buenos Aires : 
Instituto Antartica Argentino, 1955, 1957 and 1958.) [213 
Instituto Antartico Argentino. Contribucions. No. 8: La Presencia 
de Nuttalochiton hyadesi (Roch.) en la Fauna Antarctica (Moll. Poli- 
placoforos). Por Z. J. A. de Castellanos. Pp. 9. No. 10: Observaciones 
sobre los Escombros de Isla Media Luna, She tland del Sur. Por Juan 
Olsacher. Pp. 5. No. 17: El Antarctico en el Afiio Geofisico Inter- 
nacional. Por Rodolfo N. Panzarini. Pp. 29. No. 19: La Compaia 
Antarctica 1956-57. Por Gelvio Guozden. Pp. 31. No. 22: La Cam- 
pafia Antarctica 1950-51. Por Rodolfo N. Panzarini. Pp. 8. No. 21: 
Supervision del Planeo Logistico de la Campafias del Instituto Antar- 
tico Argentino. Por Carlos A. Perticarari. Pp. 23. No. 24: La Cam- 
pafia Antartica 1952-53. Por Rodolfo N. Panzarini. Pp.11. No. 25: 
Rocas Eruptivas de Caleta Armonia, Isla Nelson, Shetland de Sur. Por 
Bernabe J. Quartino. Pp. 26. No. 26: La Operacion “Congelamiento 
I” (Operation Deepfreeze I). Por R. G. Kolbe. Pp. 10. (Buenos Aires : 
Instituto Antartico Argentino, 1959.) {213 
Instituto Antartico Argentino. Contribucions. No. 27: La Opera- 
cion “‘Congelamiento Il”’ (Operation Deepfreeze I1). Por Daniel I 
Canova. Pp. 11. No. 29: Antartica a Traves de sus Faunas y Floras 
‘osiles. Por Horacio Homero Camacho. Pp. 18. No. 32: La Funcion 
Educativa y Cientifica de un Museo Antartico. Por Juan M. Ageitos y 
Carlos A. Meneses. Pp. 16. No. 33 : Notas Sobre un Ejemplar Albino 
de Pingiiin de Adelia. Por Ricardo Novatti. Pp. 11. No. 34: Notas 
Sobre una Roqueria de Pingiiin Emperador en el Mar de Weddell. Por 
Ricardo Novatti. Pp. 10. No. 35: Estudiod Microbiologicos en Aves y 
Fitoplancton Marino Antarticos. Por John McNeill Sieburth. Pp. 41 
No. 41: Intereses Cientificos Argentinos en el Antartico. Por Rodolfo 
N. Panzarini. Pp. 14. (Buenos Aires: Instituto Antartico Argentino, 
1959.) (213 
Population Reference Bureau, Inc. Population Bulletin, Vol. 16, 
No. 2 (March 1960): Population Growth and Economic Development 
in the ECAFE Region—Part IT. Pp. 25-42. (Washington. D.C.: 
Population Reference Bureau, Inc., 1960.) 50 cents. [293 
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